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INTELLIGENCE LEVEL AND OCCIPITAL ALPHA RHYTHM IN 
THE MONGOLIAN TYPE OF MENTAL DEFICIENCY 


By GEORGE KREEZER, Cornell University 


The study reported here is one of a series undertaken to determine 
the empirical relation between variations of intelligence and properties of 
the electro-encephalogram.1 The term electro-encephalogram (E.E.G.) 
fers to the record that may be obtained of fluctuations of electric potential 
of cerebral origin by means of electrodes attached to the intact scalp. The 
report by Berger in 1929 that such electrical potentials may be detected 


without the need of operative procedures opened the way to a wide variety 
of studies upon the cerebral basis of psychological phenomena.? The 
present series of studies is concerned with the application of this technique 
to the investigation of cerebral factors on which intelligence may depend. 
The first step in determining the utility of the electro-encephalographic 
technique as an index of such cerebral factors would seem to be the 
determination of whether or not significant correlations may be found 
between intelligence and properties of the electro-encephalogram. 

In the investigation of this question the feebleminded offer important 
methodological advantages: a wide range of variation in intelligence leve!, 
and the possibility of independently controlling the variables of mental 
age and chronological age. In the use of the mentally deficient in this 


* Accepted for publication March 1, 1939. 

* From the Research Department, Vineland Training School, and the Psychologi- 
cal Laboratory, Cornell University. This investigation was conducted during 1937 at 
the Vineland Training School. It was assisted by Grants in Aid from the Penrose 
Fund of the American Philosophical Society and from the National Research Council. 
Appreciation is expressed to Mr. Franklin W. Smith, laboratory technician, for his 
assistance in this study. 

* For a discussion of the logical basis involved in the use of the E.E.G. as a psycho- 
physiological indicator and for a survey of recent literature, see G. Kreezer, The 
electro-encephalogram and its use in psychology, this JOURNAL, 51, 1938, 737-759. 
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series of studies, it has been considered advisable to. deal with different 
clinical types in separate investigations. Such a procedure may be expected 
to decrease the danger of heterogeneous material masking and so preventing 
detection of any real relations that may obtain for any given type. The 
present study limits itself to the mongolian type of mental deficiency.* 

One of the chief types of pattern exhibited in the human electro- 
encephalogram is that which has been designated by Berger as the alpha 
rhythm.‘ It consists of rhythmical fluctuations of potential difference occur- 
img-at.a frequency of about 10 waves a second, though with a certain range 
of variation in frequency for different individuals. This rhythm is gen- 
erally most prominent at the occiput. In the present study, the specific 
problem undertaken was to determine what significant correlations obtained, 
if any, between intelligence level and certain properties of the occipital 
alpha rhythm in the mongolian type of mental deficiency. Reports of pre- 
liminary studies by the writer upon this question and incomplete reports 
upon the present investigation have been made in a number of earlier 
papers.® A detailed statement of experimental conditions, statistical treat- 
ment, and results has not, however, been made previously. 


I, EXPERIMENTAL CONDITIONS 


The conditions involved in the present investigation may be conveniently 
summarized under the headings of subjects, apparatus, technique, analysis 
of records, and statistical procedures. 


(A) Subjects. The Ss in the experimental group consisted of 50 individuals of 
the mongolian type of mental deficiency. These individuals were carefully selected 


*For a summary of data on this type of mental deficiency, see K. Brousseau, 
Mongolism, 1928, 1-210. 

“H. Berger, Uber das Elektrenkevhalogram des Menschen, I, Arch. f. Psychiat, u. 
Nervenkr., 87, 1929, 527-570. 

*°G. Kreezer, The electric potentials of the brain in the mongolian type of mental 
deficiency, Psychol. Bull., 33, 1936, 607; Electric potentials of the brain in certain 
types of mental deficiency, Arch. Neurol. u. Psychiat., 36, 1936, 1206-1213; Electrical 
phenomena of the brain among the feebleminded, Proc. Amer. Ass. Mental Deficiency, 
42, 1937, 130-141. Other reports on the E.E.G. of the mentally deficient have been 
made by Berger (H. Berger, Uber das Elektrenkephalogram des Menschen, Arch. f. 
Psychiat. u. Nervenkr., 94, 1931, 49 f.; 98, 1932, 250-254) and, quite recently, 
by Rahm and Williams (W. E. Rahm and A. C. Williams, Aspects of the electro- 
encephalogram in epilepsy and feeblemindedness, Psychiat. Quart., 12, 1938, 230- 
235). Berger obtained exploratory records on a total of about 10 Ss. There is no 
indication that any of the Ss was of the mongolian type. In the interesting study of 
Rahm and Williams, a group of 35 unselected Ss were used, only two of whom were 
mongols. Since the bulk of the Ss were apparently of the undifferentiated type, the 
results of the study by Rahm and Williams may be more appropriately discussed in 
a forthcoming paper of the author's on the relation of intelligence level and the 
E.E.G. in the “non-differentiated familial type’’ of mental deficiency. 
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from the population of the Vineland Training School and the Vineland State School* 
to meet certain criteria with respect to evidence of mongolism, chronological age, and 
absence of certain pathological traits. Details concerning the criteria used and the 
composition of the group with respect to mental age are given below. 

(1) Chronological age. Ss below 16 yr. of age or greater than 56 yr. of age 
were excluded from the experimental group. The upper age limit of 56 yr. was 
arbitrarily adopted as an aid in the exclusion of Ss who might have suffered 
pathological brain changes associated with senility. The lower limit of 16 yr. was 
adopted for two reasons: (1) to exclude possible effects of differences in chronologi- 
cal age on the alpha rhythm of the E.E.G.; and (2) to keep constant the factor 
of chronological age in intelligence level. 

The only property of the alpha rhythm that has been reported as varying sys- 
tematically with chronological age has been alpha wave frequency. This property 
has been found in normal children to increase as chronological age increases up to 
an age of between 8 and 11 yr., at which point it reaches the value characteristic of 
adults.’ The adoption of a lower age-limit for our experimental group which is well 
above 11 yr. can be assumed to effectively exclude any influence of chronological 
age on alpha frequency. 

Two indexes of intelligence level, derived from the Binet type of intelligence test, 
have conventionally been used by psychologists: the mental age—as an index of 
absolute level of achievement in the test, and the intelligence quotient (1.Q.) as an 
index of level of achievement relative to chronological age. In the computation of the 
1.Q. for adults, it is customary to take as the value for chronological age a standard- 
ized value not greater than 16 yr.* Consequently, the restriction of our experimental 
group to Ss older than 16 yr. means that the I.Q. of different Ss will be propor- 
tional to their mental ages, and independent of differences in chronological age. 
The classification of our Ss in terms-of absolute mental age-level will, therefore, 
correctly represent their distribution in terms of intelligence quotient as well. 

The larger proportion of the Ss in the experimental group fall between. chronologi- 
cal ages 16 and 35 yr. The distribution in the total group was as follows: 16 to 25 
yt., 27 Ss; 25 to 35 yr., 17 Ss; 35 to 45 yr., 4 Ss—one in each of the M.A.-groups 
indicated in Fig. 2, except the 5- to 6-yr. M.A.-group; and 45 to 96 yr., 2 Ss: one, 
47.7-yr.-old, in the 1.5- to 3-yr. M.A.-group, and one, 56.0-yr.-old, in the 5- to 6-yr. 
M.A.-group, 

(2) Criteria of mongolism. One of the principles employed in the current series 
of investigations of the relation of intelligence level to the E.E.G. has been that of 
dealing with different types of mental deficiency in separate groups. By this means 
we hoped to increase the chances of homogenity for any given experimental group, 


*The Vineland Training School is a private institution for the care of mentally 
deficient individuals of both sexes. The Vineland State School is a New Jersey 
state institution for the care of mentally deficient girls. We are indebted to Mr. 
George W. Thorn, Superintendent of the Vineland State School, for his codperation 
in this study. 

*R. J. Smith, The electroencephalogram during infancy and childhood, Proc. Soc. 
Exper. Biol. & Med., 36, 1937, 384-386; The electroencephalogram during normal 
infancy and childhood: II. The nature of the growth of the alpha waves, J. Genet. 
Psychol., 53, 1938, 455-469; D. B. Lindsley, Brain potentials in children and adults, 
Science, 84, 1936, 34; Electric potentials of the brain in children and adults, J. Gen. 
Psychol., 19, 1938, 288-291. P 

*R. Pintner, Intelligence Testing, 2nd ed., 1931, 84 f. 
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and to minimize the possibility of any real relations between. the E.E.G. and intelli- 
gence level being obscured by the fact that different relations might conceivably 
obtain in different types of mental deficiency. As an extension of this principle, it 
was considered desirable to adopt some means of ensuring the selection of Ss all of 
whom could be regarded as good instances of mongolism. In most institutions, indi- 
viduals may be found who might be regarded as representing intermediate or transi- 
tional forms of mongolism. Such individuals look like mongols in some respects, 
while in others they do not, and it becomes relatively difficult to state whether or 
not such individuals are to be classified as mongols. 

To help exclude such ‘intermediate’ cases of mongolism and assure inclusion 
‘OF Only relatively marked cases of this clinical type, the following criteria were 
adopted: (1) the individual must have been designated as a mongol by the clinical 
staff of the institution of which he was a resident; and (2) he must show six or 
more of a set of 16 traits found in a study of Doll and Kuenzel to be most symp- 
tomatic of mongolism.® These 16 traits were: almond eyes, epicanthus, puffy eyelids, 
flat occiput, depressed nasal bridge, drooping mouth, thick lips, lips transversely 
fissured, dry facial skin, fissured tongue, thick tongue, pointed tongue, broad tongue, 
short fingers, dry nails and habitual use of “tailor posture” in sitting (hyperflexibility 
of joints). The examination of the various Ss with respect to these traits was made 
by the author of the present paper. 

Since the report of the study by Doll and Kuenzel has not yet been published, it 
may be found helpful to state here those results of their study which suggested the 
use of the above criterion. In a survey of the literature of mongolism, these authors 
found a total of about 100 traits which have been reported as associated with 
mongolism by various writers, and a considerable lack of parallelism in the traits 
mentioned by different writers. They, therefore, set out to determine empirically 
which of this large set of traits could be considered most symptomatic of mongolism. 
Two groups of 30 individuals were selected, one group of mongols, and a control 
group of non-mongolian mental defectives, in which the individual Ss were equated 
for chronological age, life age, and sex with the mongolian group. These Ss were 
rated for presence or absence of the 100 odd traits by each of 4 judges familiar with 
the mentally defcient. The original list of traits was then reduced to 16 by the reten- 
tion of only those traits which were found in 50% or more of the mongols and 
absent in 90% or more of the control Ss, by a total of any 3 out of the 4 judges. 
This group of 16 traits is listed ia the preceding paragraph and was adopted in 
this study for rating of the mongols. Using this set of 16 traits, Doll and Kuenzel 
had the 4 judges rescore all the Ss in the mongolian and control groups in order 
to determine, among other things, the number of these ‘mongolian-traits’ which were 
present in all individuals of each of the two groups, as determined by agreement of 
3 out of the 4 judges. They found, by this criterion, that every one of the mongols 
had 6 or more of the 16 traits, and that every one of the control-Ss had less than 2. 
On this basis, we have adopted the procedure of requiring all Ss in our experimental 
group to show six or more of the 16 ‘mongolian-traits' in order to be included in 
the group. 

It is of interest that those Ss whom we found it necessary to drop from our 
experimental group (2 out of a total group of 52), on the basis of this criterion, 


® Private communication. Appreciation is expressed to Dr. Edgar A. Doll for 
making available to us the results of his investigation. 
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were also those who seemed less distinctly of the mongolian type on the basis of 
total general impression. This selection of Ss for the experimental group was, of 
course, performed before an E.E.G. was taken for any given individual. The average 
number of mongolian-traits per individual for the total group was 8.9, with a range 
from 6 to 13. 

(3) Pathological defects. All individuals who were blind, epileptic, or crippled 
in any way were also excluded from the experimental group. 

(4) Sex. Ss of both sexes were included in the experimental group. The mon- 
golian population of the institution was not such as to permit a constant proportion 
of each of the two sexes to be selected at each mental age-level. Statistical devices 
were therefore employed to adjust for any possible influence of sex upon the results. 
These are considered in the section on statistical techniques. The number of indi- 
viduals of each sex at each of the mental age levels was as follows: M.A.-group 1.5 to 
3 yr.: 2 males, 10 females; M.A.-group 3 to 4 yr.: 1 male, 10 females; M.A.-group 
4 to 5 yr.: 4 males, 8 females; M.A.-group 5 to 6 yr.: 4 males, 6 females; M.A.- 
group 6 to 7.5 yr.: 3 males, 2 females; and total experimental group: 17 males, 
33 females. 

(5) Intelligence level. The intelligence level of all the Ss in the experimental 
group was measured by the 1915 form of the Stanford-Binet scale, supplemented by 
the Kuhlman-Binet for mental age test-levels under 3 yr. The mental age-scores for 
all individuals were on file as part of the regular clinical records of the two insti- 
tutions. In cases in which a Binet mental age-score based on full-scale testing of the 
S had not been obtained within a period of 2 yr. prior to the taking of the electro- 
encephalogram, the § was retested by a member of the staff of the psychological 
clinic® within a period not greater than 0.4 yr. (5 mo.) after the taking of an 
electro-encephalogram. 

In the case of all but 4 Ss, the chronological age of the S at the time of the 
intelligence test was greater than 16 years. In the case of these 4 Ss, the C.A. was 
between 14 and 16 yr., 2 of these being in the 3-4 yr. M.A.-group and 2 in the 5-6 
yr. M.A.-group. The average interval between the Binet examination and the taking 
of the E.E.G. was 0.48 yr. for the group as a whole with a range between 0 and 2 
yr. Since this interval was thus quite small, and in no case greater than 2 yr., and 
since available evidence indicates that only very small, if any, changes may occur in 
the M.A. of feebleminded Ss after a C.A. of about 14 yr.,” it was considered justi- 
fiable to use as the M.A. score for every S the score obtained at the time of the 
nearest Binet examination. These scores were thus regarded as correct at the time of 
the taking of the E.E.G., within the limits of errors of measurement of Binet mental 
age. The probable error of measurement of the M.A. scores obtained for the indi- 
viduals in the experimental group may be assumed, on the basis of a recent study 
by Kreezer and Bradway,” to be of the order of 0.15 yr. 


*I should like to thank Dr. Anthony J. Mitrano and Miss Dorothy H. Basset, 
clinicians at the Vineland Training School and State School, respectively, for their 
codperation in retesting subjects for whom retests were considered desirable. 

R. Pintner, op. cit., 84 f.; E. A. Doll, The Growth of Intelligence, 1920, 1-130; 
F. Kuhlman, The results of repeated mental reéxaminations of 639 feebleminded 
over a period of ten years, J. Appl. Psychol., 5, 1921, 195-224; L. Moore, Mental 
growth of low grade Lccbiccninded, Training School Bull., 26, 1929, 88-95. 

“ G. Kreezer and K. P. Bradway, The direct determination of the probable error 
of measurement of Binet mental age, J. Educ. Research (in press). 
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In estimating the extent to which changes in M.A. may occur after a chronological 
age of about 14 yr., 2 lines of evidence are relevant: (1) the studies indicating the 
most appropriate chronological age to be used in the calculation of I.Q. of adult 
Ss; and (2) the studies of changes in M.A. as a function of chronological age in 
feebleminded individuals. Pintner concludes, from a consideration of available evi- 
dence, that it is best to use 14 years as a basis for calculation of I.Q. for all 
individuals above this age.” The implication is thus that, on the average, growth in 
mental age stops at about 14 years of age. Special studies on the growth of intelli- 
gence in the feebleminded have been made by Doll, Kuhlman, and Moore.* Doll's 
study indicates that mentally deficient Ss whose final mental age does not exceed 8 
yr. do not continue to show a significant growth in mental age beyond a chronological 
age of 12 yr., and that the age at which growth in mental age stops is still lower 
for the lower levels of the feebleminded. Moore's study of idiots confirms Doll's 
conclusion in indicating that the mental age of idiots ceases at a very early age, 
possibly under 10 yr. of age. Kuhlman concluded that the age of final arrest occurs 
somewhere between 15 and 18 yr., the lower grade groups tending to cease develop- 
ment earlier than the groups of higher intelligence level. The tables and graphs given 
by Kuhlman for the idiot and imbecile levels, which are the levels represented in the 
present study, indicate that the rate of increase beyond 14 yr. is extremely small, the 
maximum in any of the year-intervals represented being less than 0.16 yr. change 
in mental age in a single chronological year. 

As a check on the correctness of our assumption that possible changes in M.A. 
occurring between the administration of the Binet scale and the taking of the £.E.G. 
record might be regarded as negligible and within the limits of errors of measure- 
ment, an effort was made to estimate the magnitude of the M.A. change that might 
have occurred in the interval. KuhIman’s data, as given in his Table I was used as a 
basis,” since these data suggest some possibility of significant M.A. changes at the 
chronological age levels represented by our Ss. In making these calculations, an 
effort was thus made to assume the worst possible situation with respect to the oc- 
currence of possible errors. The procedure used in making these calculations con- 
sisted in first, determining from Kuhlman’s Table I the increment (or loss) in 
average mental ages at successive chronological ages, for the idiot and for the 
imbecile groups. Kuhlman’s data shows that for ages beyond that at which mental 
age-growth ceases, there may be slight losses in mental age-level. Ages greater than 
those given by Kuhlman were assumed to be associated with losses of the magnitude 
associated with the oldest age class given by him. On the basis of these data, the 
possible M.A. change that might have occurred for every subject in our experimental 
group, in the interval between M.A. examination and E.E.G. record, was calculated. 

These changes we may refer to as “hypothetical interval errors.” The average 
absolute magnitude of these “hypothetical interval errors” was 0.05 yr. with a 
range from 0 to 0.46 yr. Both plus and minus values were represented. In the case 
of only one S was the relation of the S’s M.A.-score and the hypothetical! error 
such as would have led to the displacement of the S from one class interval to 
another in the scatter diagram used in calculating coefficients of correlation. In the 


* Cf. footnote 11. 
* Cf, footnote 11. 
* Kuhlman, op. cit., 199, 
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case of this S, the hypothetical error was —-0.46 yr., the largest error found, and if 
assumed to be correct, it would lead to the displacement of the S from the 2.5 to 
3.0-yr. class-interval to one class interval below. The effect of such a displacement 
on the coefficient of correlation of alpha index and M.A. would be to raise it very 
slightly, from a correlation of 0.31 to 0.32, a change that may be regarded as 
negligible. Equally negligible effects would be produced on other correlations. If 
we now consider the magnitude of the “hypothetical interval errors” indicated above 
in relation to the probable error of measurement of 0.15 yr. suggested earlier, it is 
apparent that they will fall within the limits of the errors classified as accidental 
errors of measurement. These considerations suggest, therefore, that the ‘‘hypo- 
thetical interval errors” involved in the measurements of M.A. fall within the limits 
of experimental error of measurement and that they do not lead to any appreciable 
effect on the results. 


(B) Apparatus. The procedure involved in the recording of the electro-encephalo- 
gram is in principle simple. Extremely weak currents, generated presumably in the 
cerebral cortex of an individual are picked up by electrodes attached to the S's 
head and transmitted to an amplifier to there produce fluctuating currents of like 
form but increased magniture. These magnified currents are conducted through an 
oscillograph and the form of the fluctuations recorded. The essential parts in the 
system are the electrodes with attached leads, the amplifier, and finally the oscillo- 
gtaph. Additional devices were used for purpose of calibration and exclusion of 
possible artifacts. This necessary equipment consisted of a photo-cell oscillator with 
attenuator for calibration of amplifier-oscillograph system, a filter for reducing the 
amplitude of muscle action potentials in certain subjects, and a ‘Faraday cage’ for 
shielding S from electrical currents of external origin. The details of the equipment 
used are given below. 

(1) Electrodes. The -electrodes used were of two kinds, the active or head- 
electrode, and the reference or ear-electrode. The head electrode consists of a flat 
coil of silver wire, 1 cm. in diam., lying on the under side of a small piece of 
sponge rubber which was held in place on the head by means of an elastic head band. 
Contact between the S’s skin and the silver coil was provided by means of saline 
electrode paste (Redux-Sanborn Electrocardiogram Co.). The rubber sponge over 
the electrode bulges down around the edges of the silver coil and thus provides a 
pocket within which is held the electrode and paste covering it. The ear-electrode 
consisted of a small rectangle of pure silver foil, bent over in a U-shape so as to 
make contact with both sides of the ear-lobe, and held in place by a spring ear-clip. 
Contact between the silver-surface and the skin was here too provided by means of 
the electrode paste. An electrode of this sort was attached to the lobes of both ears 
and connected together by wire leads to jointly provide the reference electrode. 

The elastic head gear used for holding the active electrodes in place consisted of 
an elastic band attached around the circumference of the head (corresponding to a 
latitude-meridian of a globe) and two bands at right angles to the first (which 
corresponded to longitude-meridians). The length of all these bands may be ad- 
justed to fit heads of different sizes, and the position of the ‘longitude-bands’ ad- 
justed so an electrode may be located readily at any position on the head. The 
tension of the various bands was such as hold the electrodes stably in place without 
being great enough to be uncomfortable to the subject. 
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(2) Amplifier. The amplifier consisted of 5 stages, resistance-capacity coupled. 
A circuit diagram is shown in Fig. 1. The first stage is of the push-pull, balanced 
type, similar to that described by Matthews,” though with somewhat different cir- 
cuit-constants. It was built as an independent unit, enclosed with its own batteries in 
a shielded metal case. It may be referred to as the pre-amplifier. The next three stages 
form a second unit, contained in a shielded metal case. This unit may be referred to 
as the voltage amplifier. The final, or power stage, forms a third physical unit, with 
separate batteries. Connections between the separate units are made by means of 
shielded microphone cable, and telephone plugs and jacks. 


Fic. 1. Cincurr DIAGRAM OF AMPLIFIER 


R; = R: = 100,000 ohms C; => G,=C,=0.1 V, = 135 volts 

Rs = R4 = 10,000 ohms V: = 2 volts (storage cell) Vs = 9 volts 

Re = R; = R, — 150,000 V2 — 67 volts Ti, Tz : W. E. 264 B 
ohms V: = Ve = 1.5 volts Ts, Ts, T; : W. E. 102 G 

Re = 250,000 ohms Vi = V: = 6 volts (stor- Te: 112A 

R, = Ry» = Ry = Ru = 1 age battery) Tr.: Transformer 
megohm V; = 225 volts G. R. Co. No. 541 C 


An essential requirement of the amplifier apart from the provision of sufficient 
sensitivity and a satisfactory frequency-response curve was that it be free from 
disturbances which might introduce artifacts in the records, The disturbances to be 
excluded were of three kinds: (a) induction effects, or disturbances arising from 
electrical sources external to the amplifier; (b) microphonic effects, or disturbances 
produced by sound waves striking the amplifier tubes; and (c) internal noise-effects, 
or disturbances arising within the amplifier itself. 

(a) Induction effects. Induction effects were eliminated through the use of ade- 
quate shielding for S and amplifier. The most serious source of disturbance in this 
category was the 60 ~ house current. A ‘Faraday cage’ provided shielding for S. 
It was constructed by lining all sides of S’s room with galvanized iron mesh. Since 
this amount of shielding was not found adequate to exclude all traces of the 60 ~ 
current from the records when S was connected to the amplifier (due to the relatively 


* B. H. C. Matthews, A special purpose amplifier, J. Physiol., 81, 1934, 28 P-29 P. 
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large capacity of S$ to ground), a second, smaller enclosure was built of fine copper 
mesh at one end of the room, This smaller enclosure was large enough to contain 
a cot for S and certain necessary apparatus. Additional shielding for the pre-amplifier 
and voltage amplifier units was provided by the metal containers in which they were 
built. These two units were located just outside of the small copper-lined enclosure 
containing S (in order that the leads from S might be kept short). All metal shields 
were connected together and grounded at the same point. 

(b) Microphonic effects. The Western Electric 264B tubes of the pre-amplifier 
stage are relatively non-microphonic. As an added precaution, however, the bases on 
which these tubes were mounted were suspended from overhead brackets by means of 
springs. More complete measures were found necessary to shield the Western Electric 
102G tubes used in the voltage amplifier. These tubes, though of the low noise type 
are moderately microphonic. The measures taken consisted in placing the voltage 
amplifier inside a galvanized iron box lined on the inside with a 1-in. thick layer of 
air-acoustic,” a sound absorbing material, and in suspending this box with the ampli- 
fier by means of springs from the brackets supporting it. The relatively large mass of 
the box gave it, in conjunction with the supporting springs, a low natural period of 
vibration (about one a sec.). Mechanical vibrations of higher frequency which were 
transmitted to it tended accordingly to be damped out. Tests showed that speech of 
moderate intensity in the immediate vicinity of the amplifier failed to produce 
microphonic effects. 

(c) Internal: noise. Various factors within the amplifier tend to produce small 
fluctuations in voltage which are referred to collectively as the noise-level of the 
amplifier. This noise-level sets the lower limit of useful amplification since signals 
which do not exceed it will be obscured by the fluctuations in voltage represented 
by the noise-level. The following measures were used to keep the noise-level low.” 
(1) Low-noise tubes were used in the pre-amplifier and voltage stages. These tubes 
are designed to reduce the factors in the tube (shot-effect, ionization, etc.) which may 
contribute to its noise-level. (2) The tubes in the first stage were operated at a 
relatively low plate-voltage. (3) A relatively low input resistance of 200,000 ohms 
was used to keep fluctuations due to the ‘thermal effect’ low, inasmuch as. the magni- 
tude of the ‘thermal effect’ is proportional to the input resistance.” (4) Coupling 
condensers and plate and grid leak resistors were selected so as to minimize noise- 
production that may arise in these components. The ordinary type of paper condenser 
was used only in the last stage, mica or oil-impregnated paper condensers being used 
in the earlier stages. Wire-wound resistors (non-inductive) were used in the pre- 
amplifier and voltage stages, since other types are likely to be noisy. The metallized 
type was found satisfactory for the last stage. (5) Care was taken to provide well- 
soldered joints for all connections within the amplifier. (6) The storage batteries 
which supplied the filament-current were kept well-charged, and the dry cells used 


"This material was obtained from Johns-Manville Co. A layer 1-in. thick is re- 
ported as having a sound absorption coefficient ranging from one of 0.46 for a 128 
cycle tone to a coefficient of 0.73 for a 2048 cycle tone (Bulletin No. VI of the 
Acoustical Materials Association). 

*® For a discussion of factors contributing to the noise-level of amplifiers, and 
procedures for reducing this level, see J. B. Johnson and F. B. Llewellyn, Limits 
to amplification, Bell Syst. Tech. J., 14, 1935, 85-96. 

Thid., 85-88. 
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as B batteries were discarded when fall in output voltage indicated an increase in 
internal resistance. The best check on the dry batteries, was, however, a functional 
one. An increase in noise-level which was found not to be due to other factors 
could be eliminated by the substitution of fresh batteries. (7) In general, care 
with the early stages was most important inasmuch as disturbances arising at these 
stages are successively amplified by all later stages. 

(3) Oscillograph. A Westinghouse PA bi-filar type oscillograph was used for 
recording. The unit used contains 3 galvanometer or ‘vibrator’ units, so that 3 
records may be obtained simultaneously. One vibrator was used to provide a time- 
line, a second (standard type vibrator) was used to provide the records analyzed in 
this study, and the third vibrator (high sensitive vibrator) unit was used in con- 
junction with a second amplifier of modified design to record the very low fre- 
quency phenomena that may be present in the electro-encephalogram. In the records 
analyzed in this study, wave-frequencies below the alpha frequency range tended to 
be filtered out, as a consequence of the frequency-response curve of the amplifier, thus 
making it easier to analyze the records for different properties of the alpha rhythm. 
Records were made upon bromide paper (Eastman recording paper No. 697 or 
No. 797) moving at a rate of 22 mm. per sec. 

The oscillograph is equipped with a polygon of mirrors and a viewing screen 
which permits the wave form of the phenomenon being studied to be observed 
visually without interfering with the taking of photographic records. This viewing 
attachment permits the nature of the potential fluctuations being picked up by the 
electrodes to be observed before a photographic record is taken. Artifacts such as 
an increased noise level, muscle potentials, or 60 ~ induction effects could, conse- 
quently, be detected, if present, and eliminated before a record was taken. 

(4) Accessory devices: (a) Photocell oscillator.” A photo-cell oscillator was con- 
structed for determining the frequency-response curve of the amplifier, that is, its 
relative sensitivity at different frequencies of input signal. In this type of oscillator, 
the form of the output current is regulated by the variations produced in the amount 
of light entering a slit in front of a photo-electric cell. A rotating disk placed 
between a light source and the slit can be cut in any desired shape and thus permit 
the form of the output current of the oscillator to be controlled. The frequency of 
the current fluctuations may be regulated by the frequency at which the disk is 
rotated. The use of a D.C. shunt-motor permitted this frequency to be readily 
adjusted. A gain control on the oscillator unit provided for adjustment of the out- 
put voltage. 

The merits of this type of oscillator is that it makes available sinusoidal alternat- 
ing currents or voltages in the low frequency range (for example, between 0 and 
60 ~ a sec.) and that the amplitude of such alternating currents is independent 
of the frequency of the current fluctuations. It thus permits measurements of the rela- 
tive sensitivity of the amplifier for the different frequencies in the low-frequency 
range (for example, between 5 ~ and 15 ~ a sec.) with which we are concerned 
in the present study. 

(b) Attenuator. In order to reduce the output voltage of the oscillator to values 
of the range found in the electro-encephalogram, an attenuator was inserted be- 


” We are greatly indebted to Mr. Albert A. Grass, resident engineer at the 
Harvard Physiological Laboratory, for the design of this oscillator. 
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tween the output of the oscillator and the input terminals of the amplifier, Inasmuch 
as the attenuator was to feed into a high resistance of 200,000 ohms, it could be 
constructed on the simple voltage divider principle. One of the attenuator units 
used was made with precision resistors with resistance ratings correct to within 1 
per cent. With a 1.5-v. dry cell used as a source of voltage, this attenuator pro- 
vided D.C. output voltages of 6, 30, 60, 300, and 600 microvolts ‘uv.). These 
values were determined by calculation. With the dry cell voltage assumed to be 
constant, errors in the calculated values of output voltage may be assumed to be no 
larger than that of the resistors. Another attenuator unit was used to provide a 
larger number of voltage steps in the low voltage range. Resistors of the inexpensive 
metallized type were used to provide the larger resistance values in this unit. The 
accuracy of the output voltages obtained was checked, through use of amplifier and 
oscillograph, against the outputs from the attenuator constructed with precision 
resistors. Any differences were within the limits of error with which deflections 
could be read on the oscillograph-record. Output voltages available with this unit, 
for 1.5 v. input, were 5, 10, 20, 50, 100, and 1000 pv. With each of the attenuator 
units, the different attenuation settings could be made readily by means of a selector 
switch, 

The calibration of the output of the attenuator units in terms of the microvolt 
values specified above was based on the assumption of a 1.5-v. D.C. source. In 
using the oscillator with the attenuators to provide alternating voltages of equivalent 
magnitudes, it was necessary for its gain control to be adjusted so that the ampli- 
tude of the alternating voltage output of oscillator was 1.5 v. This adjustment was 
made by connecting the 1.5-v. battery to attenuator and amplifier-oscillograph sys- 
tem, and determining the deflection produced by D.C. pulses, for a given attenuator 
setting. The oscillator was now substituted for the 1.5-v. battery, and its gain control 
adjusted until the same deflection (from center line to peak) was produced on the 
oscillograph. This setting of the gain control could then be assumed to correspond 
to an output voltage of 1.5 v. The use of this method assumes that the frequency of 
the oscillator signal used lies in the region of maximum sensitivity on the frequency- 
response curve. That is to say, the amplifier must be equally sensitive to the D.C. 
pulses and the A.C. frequency provided by the oscillator. Otherwise equivalence of 
deflection would not imply equivalence of output voltage. The frequency used for 
the oscillator signal was 30 ~, a value lying well within the frequency region of 
maximum response of the amplifier, as shown by the frequency-response curve. As 
a further check on the equivalence of sensitivity of the amplifier to the 30-~ 
sinusoidal frequency and to rectangular pulses, a disk was made which permitted 
the oscillator to produce rectangular pulses instead of sinusoidal pulses. With all 
other conditions the ‘same, the deflections produced on the oscillograph by these 
two types of oscillator-signal was found to be equal, within limits of errors of 
measurement. In using oscillator and attenuator to obtain a frequency-response curve 
for amplifier, it was, however, not necessary for the absolute value of voltage of 
alternating current signal to be known. All that was necessary was that the same 
voltage signal be used at all frequencies. 

(c) Filter. A few Ss, although apparently lying quietly showed fairly persistent 
muscle potentials, These potentials were due presumably to a failure of S to relax 
sufficiently the muscles about the neck and jaws. Muscle potentials are of relatively 
high frequency, of the order of 40 or 50 waves a second. Though there is no 
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danger of their being confused with the alpha waves, which are much lower in 
frequency, they tend to obscure the alpha waves and render their analysis more diffi- 
cult. A ‘muscle-potential filter’ was, therefore, used with some Ss to attenuate fre- 
quencies in the range between about 25 and 65 ~ a sec. The filter used consisted 
of a condenser and choke coil in series connecting the two leads just before the power 
stage. At a value of 42 H for the inductance and 0.13 wFd. for the capacitance, a 
frequency of 47 ~ was attenuated maximally, with frequencies on either side at- 
tenuated in lesser amounts corresponding to a slightly asymmetrical damped reso- 
nance curve. Thus, if, with filter inserted, transmission of the amplifier at 10 ~ is 
designated as 100%; transmission at 27 ~ is 68%; at 37~, 47%; at 47 ~, 37%; 
at 57 ~, 44%; and at 67 ~, 64%. In the alpha frequency range between 
7 ~ and 14 ~, there was practically no change other than some decrease in absolute 
sensitivity, ¢.g., at 10 ~ a change from 9.6 pv. per mm. to 12.7 pv. per mm. 

(5) Performance of amplifier-oscillograph system. The performance of the ampli- 
fier-oscillograph. system may be summarized in terms of the absolute level of sensi- 
tivity, the form of the frequency-response curve, time constant, linearity of response, 
and noise-level. 

(a) Sensitivity. The standard sensitivity used corresponded to a 1-mm. deflection 
on oscillograph for 9.6 pv. input, at a sine-wave frequency of 10 ~ a sec. When the 
muscle-potential filter was used, the general level of sensitivity was somewhat 
lower, a 12.7 pv. input being required per mm. deflection at 10 ~. 

(b) Frequency response. The frequency response-curve of the amplifier shows that 
as the frequency decreases from 100 ~ per sec., the curve is flat down to a fre- 
quency just below 20 ~, at which point the sensitivity begins to fall off slightly. The 
slope of the curve in the alpha frequency range with which we are concerned in the 
present study is indicated by the following figures. The sensitivities given are in 
terms of microvolts input required per mm. of deflection: at 20 ~ and above, 
9 pv.; at 15 ~, 9.2 pv.; at 14 ~, 9.2 pv.; at 13 ~, 9.3 pv.; at 12 ~, 9.3 
pv.; at 11 ~, 9.4 pv.; at 10~, 9.6 pv.; at 9 ~, 9.8 pv.; at 8~, 10.3 pv.; at 7 
~, 11.3 pv.; and at 6 ~, 12.7 pv. 

(c) Time-constant, The time-constant of the amplifier (time required for deflec- 
tion due to a direct current pulse to fall to 37% of its value) is 0.012 sec. 

(4) Voltage response. The deflections of the amplifier-oscillograph system were 
linear with respect to input voltage up to the maximal input voltage used in the 
tests, above 300 pv. Tests were made both with D.C, pulses, and with A.C. sinusoidal 
signals and rectangular pulses produced by the oscillator. Deflections were measured 
from trough to crest. The amplifier was thus linear in response well beyond the 
range of input voltages indicated by any of the records, the maximum shown by 
any record being 108 pv. ; 

(e) Noise-level. The noise-level of the amplifier was regularly determined with 
input terminals short circuited. At the standard sensitivity specified above, the 
base-line is practically a straight line, only a slight roughness in this line represent- 
ing the noise-level. Records taken with a more sensitive oscillograph vibrator showed 
that the maximum amplitude of fluctuations present in the noise level was about 
5 pv. 

_ To determine the noise-level with an imput impedance equivalent to that present 
when an S was included in the circuit, a pair of the silver-coil electrodes were at- 
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tached to S on the skin over the tibia, at a separation of 5 cm. This region was 
selected as representing the region of the body surface most likely to be free of 
muscle potentials or other kinds of bio-electric potentials. The D.C. resistance be- 
tween electrodes was 20,000 ohms, a value higher than the maximum shown by any 
of the Ss during the experiment with electrodes connected to the head. The base-line 
obtained under these conditions was not distinguishable from that obtained with 
amplifier input short-circuited. The noise-level obtained with input short-circuited may 
therefore be regarded as representing the level of internal disturbance present in 
the amplifier when the S is included in the input circuit. 


(C) Technique. The standard sequence of procedures carried out with each S$ 
was the following: (1) preliminary tests of amplifier performance; (2) attachment 
of electrodes to S$; (3) measurement of inter-electrode resistance; (4) showing of 
preparatory motion pictures to facilitate adjustment of S to recording situation, and 
other procedures for preparation of S; (5) taking of records; (6) final showing of 
motion pictures; (7) measurement of inter-electrode resistance and electrode loca- 
tions; and (8) final tests of amplifier performance. Details concerning these pro- 
cedures are given below. 

(1) Tests of amplifier-performance. To provide evidence of proper performance 
of the apparatus during the taking of all E.E.G. records, certain standard tests were 
made at the beginning and end of each recording period. These tests consisted in ob- 
taining record of the noise level of the amplifier, and in testing amplifier for sen- 
sitivity with a 50 pv. signal. Two types of standard signal were used, a D.C. pulse 
and a sinusoidal 10-~ A.C.-voltage from oscillator. 

(2) Location of electrodes, Active electrodes were applied at each of three re- 
gions of the head: over the occiput, the motor area, and the anterior frontal area, 
slightly to the right of the median plane. The results given in this paper are limited 
to the records obtained over the occiput. The standards adopted relative to the 
location of occipital electrode were based on two considerations: Adrian and 
Yamagiwa’s report on the region of maximal alpha activity at the occiput,” and our 
expectation of a variation in size of the head of the subjects in the experimental 
group. 

Adrian and Yamagiwa have reported that the locus of maximal alpha activity at 
the occiput extends over an area and is not limited to a specific point. This area is 
said to extend approximately 2 in. in a cephalic direction from the inion, and 2 to 
24 in. laterally in both directions from the medial plane. It may be inferred that 
an electrode located at any point within this area will be equally effective in the detec- 
tion of the occipital alpha rhythm. It seemed likely, however, that the absolute limits 
of this area of greatest activity would vary somewhat with the size of the head. The 
occipital electrode was, accordingly, not located at a fixed distance from the inion 
and from the mid-line of all Ss. An effort was made instead to adjust its location 
somewhat in accordance with apparent differences in the size of the head, without 
allowing it to fall outside the approximate limits given by Adrian as bounding the 
area of greatest alpha activity. 

To permit subsequent statistical determination of the rdle of electrode position 


™E. D. Adrian and K. Yamagiwa, The origin of the Berger rhythm, Brain, 58, 
1935, 323-351. 
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on the results, measurements were made at the end of each recording period of head 
dimensions and electrode location. These locations could be determined from the 
white spots left on the scalp by the electrode paste, the center of the spots being 
taken to represent electrode-position. To facilitate measurements, two codordinate 
axes on the surface of the head were assumed: an x-codrdinate axis represented by 
lines parallel to the median plane, and a y-coérdinate axis, represented by lines 
perpendicular to the x-axis. : 

The following measurements of head-dimensions were taken (with tape measure): 
(1) distance from nasion to.inion (nasion-inion distance) ; (2) the lateral distance 
across the vertex from left to right auditory meatus; and (3) the circumference of 
the head. Two measurements were sufficient to indicate position of any electrode: 
the distance from nasion to electrode along x-codrdinate axis (nasion distance), and 
the distance from median plane to electrode along a y-codrdinate axis (lateral dis- 
tance). 

On the basis of these measurements, each electrode-position was represented for 
purposes of comparison in terms of “absolute inion distance,” “relative inion dis- 
tance,” ‘absolute lateral distance," and “relative lateral distance.” These terms are 
defined as follows: (1) absolute inion distance equals the distance from inion to 
electrode—it was determined by subtracting nasion-distance of the electrode from the 
nasion-inion distance; (2) The relative inion distance equals ratio of inion dis- 
tance to the nasion-inion distance; (3) the absolute lateral distance equals distance 
of electrode from medial plane; (4) the relative lateral distance equals the ratio 
of absolute lateral distance to one half the lateral distance between the two auditory 
meatuses. Statistical data on the relation of these aspects of electrode position to 
E.E.G. properties will be considered in the section on results. 

(3) Inter-electrode resistance. Before attachment of electrodes, steps were taken 
_ to reduce the resistance of the skin at the proposed place of application. A little 

alcohol was used first to remove some of the skin-oils, and then a bit of electrode 
paste was rubbed into the skin with the tip of the finger. An extra dab of elec- 
trode paste was placed on the electrode before it was brought into contact with 
the skin. 

The D.C. resistance between each of the active electrodes and the reference 
electrodes was measured by connecting in series with S a 1.5-v. dry cell and a milliam- 
meter (1.5-ma. range), and sending a brief pulse of current through the circuit. 
Resistance could be taken as equal to voltage divided by current, on the basis of 
Ohm’s law. The strength of current flowing was great enough to be easily read on 
the meter but usually insufficient to disturb S by stimulating cutaneous sense-organs. 

The resistance varied from S to S, but was rarely greater than 10,000 ohms. In 
such cases in which the resistance was greater than that value, the electrodes were 
removed, and the place of application prepared by additional rubbing with electrode 
paste in an effort to reduce the resistance further. After the E.E.G. records had 
been taken, the inter-electrode resistance was again measured. The possible effects of 
differences in inter-electrode resistance on properties of the E.E.G. will be con- 
sidered in the section on results. 

(4) Subject-conditions during recording. In order to minimize special effects in 
the E.E.G. records which might be produced by varied physiological or psychological 
states in the subjects, an effort was made to establish standard conditions with respect 
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to muscular relaxation, elimination of visual stimulation, the removal of emotional 
excitement, and the avoidance of states of sleep or drowsiness. 

(a) Muscle potentials. Muscular relaxation was considered desirable in order that 
the brain potential record might not be obscured by muscle potentials spreading 
from nearby muscle groups. Muscle potentials, exhibiting frequencies of the order of 
50 to 60 fluctuations a sec., are in no danger of being mistaken for the much lower 
frequency alpha waves. They may, however, exceed the brain potentials in amplitude 
and thus interfere with their detection on the records. The only muscle groups 
found troublesome in this respect were those of the neck and the jaws. To facilitate 
relaxation of these muscles, the § was instructed to lie quietly on his back on a cot 
and to avoid mouth-movements during the recording period. If muscle potentials were 
still present, as observed in the viewing screen of the oscillograph, the S was 
observed for any apparent muscular tensions and instructed appropriately for the 
relaxation of particular muscles. In the case of a few Ss, for whom residual traces 
of muscle potentials were observed even after these measures were taken, records 
were taken with the ‘muscle-potential filter’ inserted in the amplifier before the 
power stage. 

(b) Visual stimulation. Elimination of visual stimulation was effected by having 
the subject-room completely darkened during the taking of a record. Visual stimuli 
tend to bring about elimination or reduction in amplitude of the alpha rhythm, but - 
the effect is not equally marked in all individuals. It was felt desirable, therefore, 
to obtain records of the various Ss when effects of visual stimuli were excluded. With 
individuals of a high enough mental age, visual stimuli can be most easily excluded 
by instructions to S to close his eyes. But among the lower grades of mentally de- 
ficient individuals used in this study, such instruction could not be relied on. A 
completely dark room was therefore used during the taking of records with all Ss. 

(c) Emotional excitement. There has been some evidence that during states of 
emotional excitement, a given individual will not necessarily show the same type of 
brain-potential record that he will when such emotional states are absent.” It was 
therefore felt necessary in obtaining our basal records to take precautions to avoid 
states of emotional excitement on the part of the Ss, as represented, for example, - 
by feelings of apprehension. 

Factors which tended to prevent such feelings of apprehension arising in connec- 
tion with the experimental situation were the fact that individuals in both insti- 
tutions were generally well accustomed to going to the laboratory for tests of 
various kinds, and the fact that they had become acquainted with the E through visits 
of the latter to the various cottages. In preliminary studies, it was found, however, 
that some of the Ss became somewhat apprehensive when the room was darkened. To 
provide a situation which would make it seem natural to S to lie down in the dark, 
provision was made for projecting motion pictures on a screen placed above the 
lower end of the cot, at an angle such that the pictures could be seen most com- 


” H. Berger, Uber das Elektrenkephalogram des Menschen, VI, Arch. f. Psychiat. 
u. Neurol., 99, 1933, 555-574; Recent studies of interest indicating an influence of 
emotional activity on the E.E.G.:have been reported by Hoagland and co-workers 
(H. Hoagland D. E. Cameron, and M. A. Rubin, Emotion in man as tested by the 
a index of the electroencephalogram, J. Gen. Psychol., 19, 1938, 227-245, 247- 
261). 
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fortably when the S was lying down. When the S was brought from his cottage 
by E, he was told he was being taken to the laboratory to see moving-pictures. 
Consequently, when he was led into the experimental room, he would generally 
lie down on the cot without objection when told to do so in order to better see 
the motion pictures. After a 3-min. showing of a “Mickey Mouse” film, the pro- 
jector was turned off and S told that if he would rest quietly for a short time, 
there would be more pictures later. If any body-parts seemed to be in uncomfort- 
able positions or under excessive tension, a little adjustment by E, together with 
appropriate instructions, was usually effective in bringing about a more easy 
position... The E.E.G. records were then taken, and, at the end of the recording 
period, there would be another 3-min. showing of the film. 

This procedure proved to be very effective in eliminating any externally observable 
signs of apprehension or unrest on the part of S in the experimental situation. 
It was a common occurrence for an individual, on being brought back to his 
cottage, to ask when he could come again to see the moving-pictures, or give other 
indications of having enjoyed himself. On subsequent visits of E to a given cottage, 
it frequently happened that individuals who had not yet served as S would ask 
to be taken to see the pictures. It seems quite safe to conclude that the records 
obtained were not distorted by effects produced by emotional unrest due to the 
experimental situation. 

(a) Sleep. Investigations by a number of workers have demonstrated that as an S$ 
gradually falls asleep, distinct changes may appear in the electro-encephalogram. 
In the earliest stages of sleep, the change consists in a dropping out of the alpha 
waves, and there are signs that some diminution in amount of alpha activity occurs 
in even the preliminary drowsy stages of sleep.” 

It would seem desirable, therefore, to have some assurance that the Ss were not 
asleep during the taking of the records, We know of no way of obtaining an index 
of the degree of drowsiness of an individual, in the absence of an introspective 
report. The procedure used in obtaining the standard sequence of records for a 
given S was, however, of a sort to interfere with his falling asleep, and permitted 
the experimenter to observe whether there were any signs of S becoming sleepy. 
The various samples of electrical activity, obtained with S’s room dark, lasted 
each no more than 60 sec. After these intervals, a moderate light was turned on in 
S’s room, and E would enter for adjustment of the electrode switch which connected 
the electrodes attached to different regions of the head. During this switching period, 
S was talked to and observed, and signs of being awake elicited. The records 
obtained may therefore be assumed to be representative of the waking state of the 
various Ss. 

(5) Recording procedure. The Westinghouse oscillograph on which records were 
taken was located in a second dark room immediately adjoining S’s room. Through 
the use of the viewing screen, E was able to determine the nature of the electrical 


* H. Berger, Uber das Elektrenkephalogram des Menschen, III, Arch. f. Psychiat. 
u. Nervenkr., 94, 1931, 16-61; A. L. Loomis, E. N. Harvey, and G. A. Hobart, 
Cerebral states during sleep as studied by human brain potentials, J. Exper. Psychol, 
21, 1937, 127-144; H. Blake and R. W, Gerard, Brain potentials during sleep, 
Amer. J. Physiol., 119, 1937, 692-703, 
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activity being picked up by the electrodes. If muscle potentials were present, an 
effort was made to get S to relax more completely before a photographic record 
was taken. After each record, a light was turned on in S’s room, the electrode switch 
adjusted, and another record taken from an electrode located over another region 
of the cortex. The sequence of these records was: occiput, motor, frontal, and occiput. 
The first 3 records were taken with S in the dark during the entire period. In the 
course of the last record, after about 10 sec. had elapsed, a stimulus-light was 
turned on for 1 sec., and then after another 10 sec. interval, turned on for 1 sec. 
again. If a considerable amount of muscle potential was observed in the viewing 
screen during any record, it was repeated, after S had been observed and instructed 
to lie quietly. A careful protocol was kept of the sequence of records to eliminate 
all chances of error in their subsequent identification after development. The maxi- 
mum duration of any record was 60 sec. 


(D) Analysis of records. The E.E.G. records forming the basis for the present 
report were those obtained with active electrode over the right occiput. Details 
concerning location of electrode is given in the section on technique. The properties 
of the records which were measured were alpha index, alpha wave frequency, and 
average alpha wave amplitude. 

For the purposes of this study, alpha waves were defined as those waves whose 
individual durations fell between limits of one-seventh and one-fourteenth of a 
second, the corresponding frequency range for such waves occurring in continuous 
sequences being 7 to 14 a sec. Waves falling within this duration or frequency-range 
were not, however, used for determining the alpha wave properties specified above 
unless they had an amplitude of 15 wv. or more, and occurred in sequences of 5 or 
more waves, Any such sequence was designated as a regular sequence. 

The three properties of the alpha waves measured (alpha index, alpha wave 
frequency, and average alpha amplitude) may be defined as follows: Alpha index 
equals the percentage of a standard sample occupied by regular sequences of alpha 
waves; alpha wave frequency equals the number of alpha waves per second occurring 
within regular sequences; and average alpha wave amplitude is an estimate of 
the average amplitude of alpha waves occurring within regular sequences. 

As a preliminary to the determination of these characteristics of the alpha waves, 
a standard ‘readable’ sample of 40 sec. duration (86 cm. with paper speed of 2.2 
cm. per sec.) was selected. This selection was made after the récord had first been 
surveyed and the limits of any sections containing artifacts marked on the record. 
Then the first 40 sec. of record exclusive of the intervals containing artifacts were 
regarded as a standard sample. The type of phenomenon which was rejected, as 
representing possible artifacts, were relatively high frequency waves occurring at 
frequencies of the order of 40 to 50 a sec., which were interpreted as muscle 
potentials, and single waves of Icng duration such as could be produced by move- 
ment of the head against the electrode. The standard sample was now examined 
and crayon or pencil marks made to indicate the limiting points of all regular 
sequences, 

Alpha index could now be easily determined by measuring the total length of the 
standard record occupied by regular sequences, and dividing by the length of the 


520 KREEZER 


standard sample.“ Alpha frequency was measured by counting the total number of 
waves occurring in regular sequences, and dividing this number by the total time 
occupied by all regular sequences. To determine average alpha wave amplitude, a 
sampling procedure was adopted, since it would have been excessively time-consuming 
to measure all alpha waves. This procedure was as follows: the 40 sec. of standard 
record was divided, by crayon marks, into 8 smaller units of 5 sec. each. As an 
index of the average amplitude of alpha waves, the plan envisaged was to measure in 
mm. the amplitude of the first 10 alpha waves in each of these eight 5 sec. sub-units, 
and to use the computed average amplitude of this sample of 80 waves as an index 
of the-average amplitude of alpha waves throughout the entire standard record. This 
procedure was carried out in principle, but a number of supplementary rules were 
adopted for the following special situations. (1) If the beginning of a 5-sec. sub- 
unit fell in the middle of a ‘regular sequence,’ the waves used for measurement 
were those starting at that point, and not those at the beginning of the regular 
sequence. (2) If a total of 10 alpha waves (in a regular sequence) was not found 
in any 5-sec, sub-unit, then enough additional waves to make up the total of 10 were 
taken from the next following sub-unit containing alpha waves. The measurements 
for the next group of 10 waves representing this following sub-unit was then 
begun with the alpha wave following the last one measured, rather than with the 
first alpha waves in the sub-unit, since these would have already been measured. 
(3) In cases in which there was less than a total of 80 alpha waves in regular 
sequences throughout the standard record, the amplitude of all alpha waves was 
measured. In such cases, the average obtained was based on fewer than 80 waves. 
The average value obtained for the amplitude on the basis of this’ sampling pro- 
cedure was converted from mm. to microvolts on the basis of the amplifier-calibration 
made at the time of a given S’s record. Although the sensitivity remained practically 
constant throughout the course of the study, very slight changes occurred, due 
probably to slight progressive changes in the condition of the batteries. A further 
correction was made in the recorded average amplitude, in accordance with the 
average frequency of the alpha waves found for a given S, adjustment being made 
to correspond to the slight differences in sensitivity of the amplifier at different 
frequencies specified in the section on the frequency-response curve. 


(E) Statistical procedures: (1) Continuous variables. For determining the depend- 
ence of two variables on each other and for excluding the influence of a third 
variable, use was made, when the variables involved were continuous in character, 
of total and partial product-moment correlations. The statistical significance of 


*In previous papers of the author, the term pattern was used to designate the 
percentage of time the alpha rhythm is present. In the present paper the term 
alpha index, proposed by Davis (H. Davis, The electroencephalogram, Tabulae 
Biologicae, 17, part 2, 1938, 126), is used instead. The criteria used by Davis in 
the computation of the alpha index differ somewhat from the criteria used in the 
present study. Davis’ calculation of the “per cent time alpha” is based on sequences 
of alpha waves at least 7uv. in amplitude and occurring in sequences of 3 or more 
waves. The “per cent time alpha” reported in this and previous studies of the author 
is based on consideration of alpha waves 15uv. or more in amplitude and occurring 
in sequences of 5 or more regular waves. 
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these correlations was determined on the basis of the methods’ proposed by Fisher.* 
Fisher has pointed out that when the population for which a given correlation has 
been computed is relatively small, the determination of reliability on the basis of 
probable error is not valid, since the r’s will not be distributed normally. As a sub- 
stitute, he has furnished tables which specify the size of r’s which might arise in un- 
correlated populations, corresponding to different levels of probability and for 
different degrees of freedom of the population. He proposes as a criterion of sig- 
nificance the 0.05 level of probability. Thus, an obtained r is regarded as significant 
if it is greater than an r for which there is a probability of 0.05 of it arising in an 
uncorrelated population. In the case of obtained correlations which were found to 
meet this criterion of significance, the probability of the correlation arising in an 
uncorrelated population was computed more precisely on the basis of Fishet’s pro- 
cedures for transforming a given product-moment r into its corresponding z value.” 

(2) Non-continuous variable. One of the variables considered in the present study, 
sex, is non-continuous in character. Determination of its relation to the alpha rhythm 
and correction for its effects, when found, could not therefore be made by way 
of product moment correlations. To determine whether sex showed any significant 
relation to properties of the alpha rhythm, two other methods, both described by 
Fisher, were used: (a) the #-method, for determining the significance of the differ- 
ence between two means; and (b) the method for analysis of variance. Since certain 
differences from the procedures conventionally used were involved in the use of 
these methods in the present study, a brief description of the steps followed is necessary. 

Obtaining the difference of the means for the two sexes, and testing the significance 
of this difference provides a direct method for testing the influence of sex on any 
given property of the alpha rhythm. It was not feasible, however, to carry out this 
procedure with the total experimental group as a single unit, in view of the 
need of excluding the possible effects of mental age. The female group in the present 
study contains a larger proportion of Ss of the lower mental age-levels, whereas the 
male group contains a relatively larger proportion of Ss of the higher mental ages; 
moreover, evidence to be presented later indicates a tendency for certain properties 
of the alpha rhythm to change with mental age. Consequently, in determining the 
influence of sex alone upon the alpha rhythm it was necessary to exclude possible 
effects of variations in M.A. To balance the effects of M.A.-level in the two sex 
groups, the practice was followed of comparing the means for the two sexes in each 
of the five M.A.-groups separately. The differences thus obtained for the various 
M.A.-groups were weighted in proportion to the number of Ss in the group, and 
combined to provide a final average difference to represent the total group of Ss. 
Differences due to M.A. were thus excluded from the final result. An estimate of the 
standard error of this difference was obtained by pooling the variances provided 
by the two sexes in the different M.A.-groups in the manner described by Fisher 
for the pooling of variances from different groups.” The ratio ¢ of the average differ- 
ence to the standard error of the difference could then be tested for significance by 


*R. A. Fisher, Statistical Methods for Research Workers, 2nd ed., 1928. (The 
most recent edition is the 7th, which appeared in 1938.) 

* Fisher, op cit., 163-177. 

*" Fisher, op. cit., 108. 
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means of Fisher's table of ¢, in the usual manner, For ¢ to be regarded as significant 
it was considesed necessary, in accordance with the practice proposed by Fisher, 
for the probability P corresponding to ¢ to be less than 0.05. 

A second method used was the method for “analysis of variance’ described by 
Fisher. The term variance, it will be recalled, refers to the square of the standard 
deviation of a distribution of measures. The effect of a given factor, such as sex, 
on the dependent variable (the E.E.G. property under consideration) is determined 
by comparing the part of the total variance (of the E.E.G. measure) due to differ- 
ences between the sexes with the part due to variations in the measurements within 

any_sex group. A statistic z is computed which equals the loge of the standard 


deviation due to sex variations minus the loge of the standard deviation due to ~ 


variations within each sex group. This statistic z can be tested for significance by 
means of tables of z given in Fisher’s book.* The procedure used in the present 
study to exclude the influence of a third variable, such as M.A. consisted in dealing 
with each M.A.-group as a separate unit. The sums of the deviations squared ob- 
tained for the separate M.A.-groups are all pooled to provide the final statistics repre- 
senting the total group, on the basis of which the variances due to sex and to errors 
of observation are computed. Since the variations due to M.A. do not enter into 
any of the statistics, the influence of M.A. may be regarded as excluded from the 
final result. Fisher points out that the “analysis of variance method’’ may be regarded 
as equivalent to the “¢-method” when the independent variable has but two classes, 
as is the case for sex. Both methods have, nevertheless, been used in this study so that 
they may provide a check on each other. When the independent variable contains 
more than two classes, the method for comparison of means cannot be used. The 
method for analysis of variance can, on the contrary, be used with any number 
of classes. 

The application of the methods described above to the mongolian group indicated 
significant effects of sex on alpha wave frequency and alpha wave amplitude. It 
therefore became necessary to exclude the possible influence of sex from the correla- 
tions obtained between alpha wave frequency and M.A., and between wave-amplitude 
and M.A. The familiar method of correcting such correlations by the obtaining of 
partial correlations, corrected for the third variable, could obviously not be used, 
since the influence of sex could not be represented by means of coefficients of cor- 
relation. 

The following procedure was adopted for excluding the influence of sex from the 
correlation-coefficients in question. In connection with a given alpha wave property, 
for example, frequency, separate coefficients of correlation between the alpha-wave 
property and mental age were obtained for each of the two sexes. These r’s were 
transformed into their corresponding z values on the basis of tables given in Fisher. 
These z values were then compared to determine whether they were significantly 
different. These tests indicated that the z values obtained could be regarded as repre- 
sentative of like-correlated populations. The z values corresponding to the two sex 
groups were then combined or averaged, and the resultant z-value for the composite 
group converted back into its equivalent r. The significance of the composite z-value, 
and consequently of the equivalent r was determined from tables.” The procedure 
just described thus provides a way for correcting for the effects of non-equal pro- 
portions of the two sexes in the different mental-age groups. 


* Fisher, op. cit., 177. ” Fisher, op. cit., 163-171. 
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II. RESULTS 


(A) Dependence of properties of the alpha rhythm on Binet M.A.: 
raw correlations. The empirical relations obtaining between the properties 
of the aipha rhythm and Binet mental age were determined by means of 
product-moment coefficients of correlation. The coefficient of correlation 
obtained between alpha index and mental age was + 0.316. The correlation 
obtained between alpha wave frequency and mental age was —0.291. 
The correlation obtained between alpha wave amplitude and mental age 
was +0.114. The size of the correlation required for statistical significance 
lies between 0.2875 and 0.2732, corresponding to 50 and 45 degrees of 
freedom respectively.2° On the basis of this criterion, the correlations of 
M.A. with alpha index, and with frequency are significant whereas that 
between M.A. and amplitude is not significant. These estimates of sig- 
nificance are to be considered only provisional pending consideration of the 
possible réle that variables other than M.A. may have played in these 
relationships. In the discussion that follows the correlations specified above 
between properties of the alpha rhythm and M.A. will be referred to as 
the raw correlations. 

In Fig. 2, the dependence of the three properties of the alpha rhythm 
on mental age is represented graphically. Separate curves are given for the 
two sexes and, in addition, a third, a composite curve, which represents 
the total group of Ss, without consideration of sex. The extent to which 
sex should be taken into account in estimating the dependence of the alpha 
rhythm on mental age will be considered below. Points are also plotted in 
each graph to indicate the average values obtained for each property in a 
group of mentally normal adults made up of 15 males and 15 females. . 


For each of the properties of the alpha rhythm considered, the y-codrdinates of 
the points on the curve are the mean values of the property in question for each of 
the mental age-groups. With respect to the x-codrdinate axis, it should be noted that 
the M.A. class intervals represented are not the same as those used in computing 
correlations. In the computation of correlations, half-year M.A.-intervals were used. 
In the computation of the mean values represented in the curves in Fig. 2, a fewer 
number of mental age class-intervals was used in order to reduce the effect of sam- 
pling errors in any given group and thus permit the graphs to show more effectively 
any general trends in the data. 


(B) The effect of other variables on the raw correlations. In Section I 
were specified the measures taken to control, by way of experimental condi- 
tions, or in the selection of Ss, certain factors which might have an effect 
on the alpha rhythm, independently of mental age and which might there- 
fore have proven sources of error in the determination of the relation 


” Fisher (Table V A), op. cit., 176. 
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between the properties of the alpha rhythm and mental age. In the present 
section, the nature of some of these potential sources of error is examined, 
and an attempt made to determine whether or not they may be regarded 
as excluded from our results. The factors to be considered here are electrode 
resistance, electrode location, life age, and sex. These factors may be re- 
ferred to, for the sake of brevity, as subsidiary variables. Our problem in 
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connection with each of these variables is the same. It is necessary (1) to 
determine whether any of them has a significant influence on the properties 
of the alpha rhythm, and (2) to correct for this influence when it is 
found to be present. Each of the properties of the alpha rhythm may be 
considered in turn. 

(1) Alpha index and mental age. An examination of the relations be- 
tween alpha index and each of the four subsidiary variables shows that 
none of them exercises a significant influence on alpha index. No adjust- 
ment is necessary, therefore, of the initial correlation of + 0.316 obtained 
between alpha index and M.A. This correlation is greater than the value 
of 0.2875 required for significance. The probability of a correlation of 
this size arising by chance in an uncorrelated population is 0.03, or only 
3 chances in 100. The correlation between alpha index and Binet M.A. 
may therefore be regarded as significant, and not dependent on any con- 
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comitant variations of electrode-resistance, electrode-location, life-age or 
sex. The detailed evidence is considered below. 


(a) Electrode resistance, As indicated in the section on technique, a uniform 
procedure was followed in the application of electrodes, and measures were taken 
to assure good contacts of electrodes with the skin. Nevertheless, a certain range of 
variation in inter-electrode D.C. resistance was found among the various Ss of the 
group. It is necessary to inquire whether these variations could have influenced the 
correlation obtained between M.A. and alpha index, and to make corrections if they 
are found necessary. 

Theoretically, an increase in inter-electrode resistance would have as a con- 
sequence a reduction in the voltage changes occurring at the input of the amplifier. 
The consequent reduction in the amplitude of the recorded waves might conceivably 
lead to a decrease in alpha index if waves of low amplitude were no longer counted 
on account of falling beneath the required minimum. The following calculations 
show, however, that even for the extreme values of resistance found among the Ss, 
the effect on the amplitude would be so small as to be negligible. 

The average resistance found for all Ss in the group was 8480 ohms, with a 
range between 1170 ohms and 16,875 ohms. The maximum resistance, 16,875 ohms, 
was thus low relative to the input resistance of the amplifier, which was 200,000 
ohms. An increase in inter-electrode resistance even as great as that between the 
two extremes of 1170 ohms and 16,875 ohms, could produce but a relatively small 
change in the amplitude of the recorded waves. Assuming a constant e.m.f. originating 
in the Ss, a change in resistance from 1170 ohms to 16,875 ohms could lead to a 
reduction in the amplitude of the recorded waves of but 7.3%. Accordingly, for 
alpha waves 1.5 mm. in amplitude from trough to peak, waves which just exceed 
the minimum required voltage of 15 pv., the reduction in amplitude would be 
less than 0.11 mm., a quite negligible difference. It seems improbable therefore that 
variations in electrode resistance could have had any appreciable effect on the alpha 
index. 

These calculations are made on the assumption that the change in potential differ- 
ence at the input of the amplifier will be proportional to the total resistance of the 
circuit consisting of the input resistance of the amplifier and the inter-electrode 

‘ resistance in series. The calculations may be made on the basis of the D.C. meas- 
urements of resistance since the impedance of the input circuit to alternating current 
as low as 10 ~ will be but negligibly different from the D.C. resistance. 

Inspection of the correlation coefficient actually obtained between alpha index and 
electrode resistance for the total group of Ss shows that electrode resistance had in 
fact no significant influence on the alpha index. The raw correlation between alpha 
index and electrode resistance was +0.008. The partial correlation between these 
2 variables, corrected for variations in M.A. was —0.007. The correlations are thus 
extremely small and of no significance. (If, nevertheless, the correlation between 
M.A. and alpha index is corrected for electrode resistance, the change produced is 
from a correlation of 0.316 to a partial correlation of 0.324, an increase of 0.008.) 

(b) Electrode position. As indicated in the section on technique, no effort was made 
to apply the active electrode at a constant distance from the inion and from ‘the mid- 
line, but merely at the same approximate position. It is, therefore, necessary to inquire 
whether the slight variations which occurred in the position of the electrode exercised 
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any influences on the alpha indexes obtained. The position of the electrode may be 
characterized in terms of the absolute inion-distance, the relative inion-distance, 
absolute lateral distance, and relative lateral distance. The definitions of these terms 
have already been given on p. 516. 

For the total group of Ss, the average absolute inion-distance was 11/4, in., with 
extreme values of 1 in. and 2 in, from the inion. The average absolute lateral 
distance was 7 in., with extreme values of 1/4 in. and 13% in. from the median plane. 
As already noted, this electrode-region falls within the area specified by Adrian as 
representing the area of maximal alpha activity at the occiput. It is not to be 

expected, therefore, that the variations in electrode placement which occurred will 
show any significant relation to variations in the alpha index, in so far as alpha © 
index may be dependent on the amplitude of the waves recorded. 

An examination of the correlations obtained between alpha index and electrode 
position fails in fact to show any significant influence of electrode position within 
the limits involved. In the following list of correlations the first one given refers 
in each instance to the total correlation obtained; the second one to the partial 
correlation, corrected for M.A. 

(1) Between alpha index and absolute inion-distance: —.13 and —.10; 
(2) Between alpha index and relative inion-distance: —.13 and —.09; 


(3) Between alpha index and absolute lateral distance: +.06 and +.16; 
(4) Between alpha index and relative lateral distance: +.04 and +.18 


The correlations are all well below the value of 0.287 required for significance. 
If, despite this evidence that variations in electrode position had no significant 
effect, the correlation of +0.316 obtained betwéen alpha index and M.A. is cor- 
rected for electrode position, the following results are obtained. Corrected for 
absolute inion-distance, the partial correlation between alpha index and M.A. 
becomes +0.306; corrected for relative inion-distance, it becomes +0.303; cor- 
rected for absolute lateral distance, it becomes 0.347 and corrected for relative 
lateral distance, it becomes +-0.328. The changes thus produced in r are relatively 
small, the partial r’s ranging between extremes of +0.303 and +0.347. All of these 
values are appreciably above the r of +0.287 required for significance. The presence 
of a significant correlation between alpha index and Binet mental age cannot, 
therefore, be attributed to the slight variations in electrode position. It seems appro- 
priate, however, to regard the raw correlation coefficient of +0.316, in view of the 
evidence cited above that electrode position exercised no significant effect, as the 
most satisfactory value for representing the correlation between alpha index and M.A. 

(c) Chronological age. As already noted, all Ss in the experimental group were 
older than 16 yr. of age chronologically, and thus well above the age at which any 
influence of life age on alpha rhythm has been reported. It is nevertheless of 
interest to determine whether variations in life age above the limit specified exercised 
any significant effect on the alpha index. 

The product-moment correlation obtained between alpha index and chronological 
age was +0.008. The partial correlation obtained, when corrected for M.A., was 
—0.006. The correlations are thus extremely small, and of no significance. Variations 
in life age cannot, therefore, be considered a factor in the significant correlation 
obtained between alpha index and mental age. 

(da) Sex. It was not found feasible, as pointed out on p. 507, to maintain the same 
proportion of the two sexes in the different M.A. groups. It is necessary, therefore, 
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to determine whether or not there are, for the present group of Ss, significant differ- 
ences in the properties of the alpha rhythm of the two sexes and whether any sta- 
tistical correction is required for differences in the proportions of the sexes repre- 
sented at the different M.A.-levels. 

As mentioned in the section on statistical method, two procedures were used 
for determining the influence of sex on the properties of the alpha rhythm, the 
method based on comparison of means, and the method based on analysis of 
variance. The following results were obtained from comparison of the mean alpha 
indexes of the male and female groups. The average difference in alpha index 
between males and females for the total experimental group is 11.01, the standara 
error of the difference is 8.24. The critical ratio ¢ is 1.35. The minimum ratio re- 
quired for significance even where the number of cases is large is 2. Since the 
obtained ¢ was less than this, the obtained difference cannot be regarded as significant. 

The application of the method for analysis of variance gave the following results. 
The parts of the variance compared was the part due to differences between the two 
sexes and the part due to variations within the two sex groups. The influence of 
M.A. variations was excluded by the procedure already described. The value for z 
obtained was 0.0899. The minimum z required for significance is 0.4311. The result 
thus agrees with that obtained above, in showing that sex exercises no significant in- 
fluence on the alpha index, in the mongolian group. It is, therefore, not necessary for 
the correlation between alpha index and M.A. to be corrected for the effect of sex. 

(2) Alpha wave frequency and mental age. When the relation between 
alpha wave frequency and the 4 subsidiary variables (supra 523) was 
examined, sex was found to be the only factor related significantly to 
alpha wave frequency. It is, therefore, necessary for the raw correlation 
of —0.291 obtained between alpha wave frequency and mental age to be 
corrected so as to exclude the possible influence of unequal proportions 
of the two sexes at different M.A. levels. The other subsidiary variables 
need not be taken into account further in view of the evidence just men- 
tioned that they had no significant influence on alpha wave frequency. 
Possible effects due to sex may be excluded from the correlation between 
frequency and mental age by obtaining separate correlations for the two 
sexes, and averaging them by the method described by Fisher. The re- 
sult of this procedure is to change the correlation coefficient between alpha 
frequency and mental age from one of —0.291 to one of —0.213. The 
latter coefficient may be regarded as more accurately representing the 
empirical dependence of alpha wave frequency on mental age. This co- 
efficient is not, however, statistically significant since it is smaller than the 
minimum coefficient of 0.2875 required for significance. The chances of a 
correlation as large as 0.213 arising by chance in an uncorrelated popula- 
tion are 15 in 100 (as determined through the use of Fischer’s.z coefhi- 
cients) ; whereas for r to be significant, the chances should not be greater 
than 5 in 100. It may be concluded, therefore, that there is no adequate 
evidence of a real association between alpha wave frequency and Binet 
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mental age. The detailed results supporting the above summary follow. 


(a) Electrode resistance. The correlation obtained between alpha wave frequency 
and electrode resistance was —0.263; the partial correlation corrected for variations 
in M.A. was —0.205. Neither of these correlations are significant inasmuch as the 
minimum correlation required for significance lies between 0.2875 and 0.2732, cor- 
responding to 45 and 50 degrees of freedom, respectively. The number of degrees 
of freedom in our sample is 48 in the case of the total correlation, and 47 in the 
case of the partial correlation. On the basis of the criterion of significance adopted, 

it may be concluded that variations in electrode resistance had no significant influence 
—~on-alpha wave frequency. 

(b) Electrode position. The correlations obtained between the various compo- 

nents of electrode position and alpha wave frequency were as follows: 


Between frequency and absolute inion distance —.097 and —.142 
Between frequency and relative inion distance —.045 and —.090 
Between frequency and absolute laterai distance —.074 and —.170 
Between frequency and relative lateral distance +.007 and —.100 
In each case, the correlation first given is the total correlation; the second is the 
partial correlation, corrected for variations in M.A. None of the correlations given 
is significant since they all fall well below the criterion of significance specified 
above. It may be concluded that variations in alpha wave frequency were inde- 
pendent of any variations which were present in absolute or relative electrode 
position. 

(c) Chronological age. The correlation obtained between alpha wave frequency 
and chronological age was +-0.153; the partial correlation between these two vari- 
ables was +-0.174, corrected for variations in M.A. Neither of these correlations are 
significant. It may therefore be concluded that there is no significant association be- 
tween variations in alpha wave frequency and chronological age, for a range be- 
tween 16 and 56 yr. 

(ad) Sex. The data resulting from the comparison of means for the two sexes 
(with the influence of M.A. excluded) were as follows. The average difference in 
alpha wave frequency for the two sexes was 0.764 waves per sec. with a standard error 
of 0.34. The sign of the difference corresponds to a higher frequency for the female 
group. In the determination of this difference it was found that the female group 
showed the higher mean frequency for every one of the five M.A.-groups considered 
except the lowest. The ratio ¢ of the average difference to its standard error is 2.24. 
The number of degrees of freedom represented is 40. Fisher’s ¢-table indicates that 
for 30 degrees of freedom, the ¢ required for significance is 2.042. On this basis the 
average difference found of 0.764 may be regarded as significant. 

The application of the ‘analysis of variance’ method, with the influence of M.A. 
excluded, gives the following data. The value of z obtained was +0.9101. The value 
of z required for significance is 0.4648 for the 0.05 level of significance, and 0.654 
for the 0.01 level of significance. The z obtained must therefore be regarded as sig- 
nificant and indicates a real effect of sex upon the frequency of the alpha waves in 
the mongolian group. 

The two statistical tests applied thus agree in indicating a significant influence 
of sex on alpha-frequency in the mongolian group, and points to the need of 
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excluding the possible effects of sex in the determination of the relations between 
frequency and mental age. To exclude the influence of sex from the correlation 
between alpha wave frequency and mental age, we may obtain separate correlations 
between these latter two variables for each of the two sexes, and average them 
in the manner described by Fisher. 

The steps in this procedure are as follows: The correlations obtained between 
wave frequency and M.A. are —-0.198 for the female group, and —0.261 for the 
male group. These values are converted into their corresponding z values by means 
of Fisher's Table V B, and the difference between the z’s tested for significance. 
The difference between the z values was found to be 0.053 with a standard error of 
0.348. The difference is not significant and the two r’s may be regarded as derived 
from equally correlated populations. It is, therefore, justifiable to average them. 

The (weighted) average value of z was found to be 0.2168 with a standard 
error of 0.151. The value of r corresponding to this average z is 0.213. The ratio of z 
to its standard error equals 1.44, Since this ratio is less than two, z cannot be regarded 
as significant. We may obtain a more precise estimate of the probability of the z 
obtained arising in an uncorrelated population by the use of a normal probability 
table. Corresponding to the ratio 1.44 just given, it is found that the chances of a z 
as large as 0.2168 arising in an uncorrelated population are 15 in 100. The chances 
are, therefore, 15 in 100 that an r as large in absolute magnitude as 0.213 could 
arise by random sampling in an uncorrelated population. This value is appreciably 
greater than the value of 0.05 allowed by our criterion of significance. We are not 
justified, then, in inferring a significant relation between alpha wave frequency and 
mental age. 


(3) Alpha wave amplitude and mental age. An examination of the 
relation of the four ‘subsidiary variables’ and alpha wave amplitude re- 
veals the fact that significant differences in wave-amplitude ate associated 
with differences in sex in the mongolian group. It is therefore necessary 
in this instance, too, to correct the correlation of alpha wave-property 
and mental age to exclude possible errors due to the sex variable. The 
other three variables considered, electrode resistance, electrode position, 
and life age, show no significant correlation with alpha wave amplitude 
and therefore make no corrections necessary. When potential errors due 
to sex are excluded, by obtaining correlations for the two sexes separately 
and combining them, the correlation between wave amplitude and mental 
age is changed from a value of +0.114 to one of +0.313. By the use of 
Fisher’s z-coefficient it is found that the probability of an r of this size 
arising by chance in an uncorrelated population is 0.031. The probabili- 
ties of an r as large as 0.313 occurring by chance are thus less than the 
0.05 value adopted as a criterion of significance. It may be concluded, 
therefore, that alpha wave amplitude shows a significant positive correla- 
tion with mental age; that is to say, wave amplitude tends to increase with 
mental age level, The detailed results follow, 
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(a) Electrode resistance and wave-amplitude. The correlation obtained between 
electrode-resistance and wave-amplitude was —0.183; the partial correlation corrected 
for variations in M.A. was —0.22. These values are both below the minimum value 
of 0.287 required for significance. It may be concluded that electrode resistance has no 
significant influence on alpha wave-amplitude. 

(b) Electrode position and wave-amplitude, The correlations obtained between 
the various components of electrode position and alpha wave-amplitude were as 
follows: 

Between amplitude and absolute inion distance —.115 and —.105 
—..__ Between amplitude and relative inion distance —.064 and —.049 
Between amplitude and absolute lateral distance +.005 and +.040 
Between amplitude and relative lateral distance +.095 and +.142 
The correlation given first in each line is the total correlation, that given second 
is the partial correlation, corrected for M.A. All of these correlation coefficients are 
well below the minimum value of 0.287 required for significance. It may be con- 
cluded that variations in electrode-position exercised no significant effect on alpha 
wave-amplitude. 

(c) Chronological age. The correlation obtained between wave amplitude and 
chronological age was —0.044; the partial correlation, corrected for M.A., was 
—0.049. Both of these correlations are extremely small, and obviously not significant. 
It may be concluded that variations in chronological age within the limits involved 
in this study were not associated with variations in alpha wave amplitude. 

(2) Sex and alpha wave-amplitude. The investigation of the influence of sex on 
wave amplitude carried out by way of the comparison of mean values in the two 
sexes gave the following results: average difference between the two sexes (female 
minus male), with influence of mental age eliminated, is +20.20; the standard 
error of this difference is 7.69; the ratio ¢ of the difference to its standard error 
is 2.6; the number of degrees of freedom involved is 40. The value of ¢ required 
for the 0.05 level of significance for 30 degrees of freedom is 2.042; ¢ is thus well 
above this value and must regarded as significant. These results justify the conclusion 
that there is a significant tendency in the mongolian group for the females to show 
alpha waves of greater amplitude than the males. It is of interest to note that the 
mean value of the amplitude was greater for the females than the males in each 
of the five M.A.-groups. 

The application of the ‘analysis of variance’ method in order to determine the 
influence of sex on wave-amplitude gave the following results. The value of z 
obtained was +0.5099; the value of z required for significance for the 0.05 level 
of significance was 0.4648. The value of z obtained is higher than this value and 
consequently must be regarded as significant. The results of this test thus agree with 
the other in indicating that sex exercises a significant influence on alpha wave am- 
plitude. 

It accordingly becomes necessary to correct the value of the correlation coefficient 
obtained between wave-amplitude and mental age, in order to eliminate effects 
due to unbalanced proportions of the sexes at different M.A.-levels. The procedure 
used previously of obtaining separate coefficients of correlation for each of the sexes 
and averaging them may be used. The data obtained were as follows. The first step 
is to obtain coefficients of correlations for the two sexes separately and to deter- 


é 
‘= 
ig 
| 
i 
5 
F 
f 
S 
t 
| 
a 
a a 
4 
a 
Ly 
t 
SE 
re 


INTELLIGENCE LEVEL AND ALPHA RHYTHM IN MONGOLS 531 


mine whether they may be regarded as arising from equally correlated populations. 
The coefficients of correlation obtained between alpha wave amplitude and M.A. 
was +0.400 for the females, and +0.044 for the males. The corresponding z 
values were 0.4183 and 0.0433 respectively. The difference 0.375 was found to have 
a standard error equal to 0.348; the ratio is accordingly 1.07. The value is below 
the minimum critical ratio of 2 required for significance. The result is thus compatible 
with the hypothesis that the r’s for the two sexes were derived from equally cor- 
related populations. 

The next step is to combine the z values corresponding to the two sexes. The 
two z-values are weighted in proportion to their variances and averaged. The result 
is an average z for the total group equal to 0.324 with a standard error of 0.150. 
The ratio of z to its standard error is 2.15. Since this ratio is greater than 2, z 
and its corresponding r (which equals 0.313) may be regarded as significant. Or 
we may determine more precisely the level of significance of z through the use of 
a normal probability table. The table shows that a deviate which is 2.15 times its 
standard error has a probability of being exceeded of but 0.0316. This value is 
smaller than our 0.05 criterion of significance. It may be concluded, therefore, that 
the average value of r, equal to 0.313, which we have obtained to represent the total 
group, is significantly greater than zero, since the chances of its arising by random 
sampling in an uncorrelated population are but slightly more than 3 in 100. There 
is thus evidence of a real association between alpha wave amplitude and mental age, 
when the effect of an uneven proportion of the two sexes at different mental age 
levels is eliminated. 

It is of interest to consider in more general terms why the elimination of possible 
errors due to unequal proportions of the sexes has increased the size of the corre- 
lation between amplitude and M.A. The initial correlation of 0.114 obtained for the 
total experimental group represents a population in which there are relatively more 
females at the lower M.A.-levels, and relatively fewer at the upper M.A.-levels. 
Since the females tend to show greater alpha wave amplitudes than the males, the 
effect of such disproportions will be to raise the level of regression line (of ampli- 
tude on M.A.), at the lower mental age-levels and lower it at the higher levels. - 
The slope of the line is thus less than if there were the same proportions of females 
at all M.A.-levels. Consequently when we eliminate the influence of such dispro- 
portions by obtaining correlations for each sex group separately, the result will be 
an increase in the positive slope of the regression line and in the corresponding 
coefficient of correlation. 

A similar type of reasoning applies in accounting for the reduction which takes 
place in the correlation coefficient between alpha wave frequency and M.A. when the 
sex factor is controlled. In this case we are dealing with a negative correlation 
and a regression line of negative slope. Results cited earlier showed that the female 
group tended to show higher alpha frequencies than the male groups. The excessive 
proportion of females at the lower M.A.-levels should, therefore, have the effect of 
raising the level of the lower end of the regression line, that is to say, of increasing 
the negative slope of the line. Consequently when the effect of a disproportion in 
the sexes at different M.A.-levels is eliminated by dealing with each sex-group 
separately, the regression line will acquire a flatter slope and the coefficient of cor- 
relation will become smaller in absolute magnitude. 
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III. SUMMARY AND CONCLUSIONS 


The present study represents one of a series undertaken to determine 
whether there are significant correlations between the electro-encephalo- 
gram and intelligence level. The feebleminded offer important methodo- 
logical advantages in the investigation of this question, since they pro- 
vide the possibility of a wide range of variation in intelligence level, 
and permit independent control of mental age and chronological varia- 
bles. Properties of the electro-encephalogram examined were the alpha 


index, alpha wave frequency, and alpha wave amplitude of the occipital. 


electro-encephalogram. The experimental group was limited to Ss of the 
mongolian type of mental deficiency. Intelligence level was measured by 
means of the 1916 form of the Stanford-Binet Scale, supplemented by 
the Kuhlman-Binet Scale for test levels under 3 yr. 

Considerable attention was given to subsidiary conditions which might 
have led to changes in the electro-encephalogram independently of mental 
age effects, or which might have obscured the characteristics of any 
record. The conditions of this sort taken into account were instrumental 
artifacts, muscle potentials, conditions in S$ during recording, such as 
states of sleep, emotional excitement, and visual stimulation, variations 
in electrode position, inter-electrode resistance, chronological age-varia- 
tions, and the proportions of the two sexes at different mental age-levels. 
Procedures for control of such factors occurred by way of selection of 
Ss, control of experimental conditions, techniques of record-analysis, and 
statistical corrections in the treatment of data. 

The final results obtained after steps were taken to exclude possible 
errors due to such factors are represented by product-moment correla- 
tions between mental age-level and alpha index, alpha wave frequency, 
and alpha wave amplitude. Statistically significant correlations were ob- 
tained of mental age-level with alpha index and alpha wave amplitude, 
but not with alpha wave frequency. The criteria of statistical significance 
used were those of Fisher. 

The finding of the significant correlations just mentioned points to the 
existence of common physiological factors underlying certain properties 
of the electro-encephalogram and mental age-level in the mongolian type 
of mental deficiency, and opens the way to the use of the electro-enceph- 
alogram in the discovery of the nature of these factors. Before these results 
can be regarded as definitely established, however, they must- be con- 
firmed by further, more extensive investigations, particularly in order to 
determine the extent to which errors of sampling may have been in- 
volved in the selection of the experimental group. More extensive inves- 
tigations to this end are in progress, 
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AN EXPERIMENTAL STUDY OF REVERSALS IN READING 


By S. WoLFE, University of Mississippi 


During the past three decades cons‘ * rable clinical and experimental 
attention has been devoted to childrex ~ ‘a average or superior intelli- 
gence who have had difficulty in learning to read under ordinary school 
instruction.1 A characteristic noted’in such children has been the fre- 
quent reading of words, letters, or sentences in a reversed or right-to- 
left direction. Implicit in many of these studies is the assumption that 
children making reversals actually observe the reading material in a right- 
left direction. Theories have been advanced to account for the presumed 
backward visual observation pattern. Experimental evidence to show 
that the visual impressions leading to the reversal-responses were formed 
in the right-left direction, however, has been lacking. 

The aim of the study reported here was to investigate reading behavior 


* Accepted for publication September 15, 1938. This paper is the first of three 
covering a dissertation presented in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy at Yale University in 1935. The study was done 
under the supervision of Professor Walter R. Miles and Dr. Catherine C. Miles to 
whom the writer is greatly indebted. 

* Extensive bibliographies and summaries of the literature on reading disability 
have been compiled by A. I. Gates (The Improvement of Reading, 1927, 1-440), 
W. S. Gray (Summary of Investigations Relating to Reading, 1925, 1-275; Sum- 
mary of reading investigations, J . Educ. Res., 26, 1933, 401-424), and Joseph Jastak 
(Interferences in reading, Psychol. Bull., 31, 1934, 244-272). Experimental studies 
on reversals have been reported by W. F. Dearborn (The nature of special abilities 
and disabilities, School and Soc., 31, 1930, 632-636), L. G. Fildes (Psychological — 
inquiry into the nature of the condition known as congenital word blindness, Brain, 
44, 1921, 286-307), A. I. Gates and C. C. Bennett (Reversal tendencies in reading, 
Teach. Coll. Bur. Publ., Col. Univ., 1926, 1-23), Gertrude Hildreth (Success of 
young children in number and letter construction, Child Develop., 3, 1932, 1-14; 
Reversals in reading and writing, J. Educ. Psychol., 25, 1934, 1-20), Alexander 
Mintz (A study of indications of unstable unilateral cerebral dominance, reading 
disability and mental deficiency, Psychol. Bull., 30, 1933, 565-566), Marion Monroe 
(Methods for diagnosis and treatment of cases of reading disability, Genet. Psychol. 
Monog., 4, 1928, 335-456; Children Who Cannot Read, 1932, 1-205), Lorene Tea- 
garden (Tendency to reversal in reading, J. Educ. Res., 27, 1933, 81-97), Clifford 
Woody and A. J. Phillips (The effects of handedness on reversals in reading, J. 
Educ. Res., 27, 1934, 651-662), and others. Many clinical observations of the phe- 
nomenon have also been reported. 

?'W. F. Dearborn, Teaching reading to non-readers, Elem. School J., 30, 1929, 
266-269; Structural factors which condition special disabilities in reading, Proc. 
Amer. Assn., Ment. Def., 57, 1933, 268-283 ; The causes of “‘word-blindness,” Science, 
80, (no. 2084), 1934, 12-14. S. T. Orton, Specific reading disability—strephosym- 
bolia, J. Amer. Med. Assoc., 90, 1928, 1095-1099; The three levels of cortical 
Po eae in relation to certain psychiatric symptoms, Amer. J]. Psychiat., 8, 1929, 

7-659. 
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involved in making reversals. The reading responses of children inferior 
in reading ability were observed under carefully arranged experimental 
conditions and then compared with those of average readers obtained 
under the same conditions.’ Six experiments were conducted. Four were 
concerned with the effect on word-reversals (1) of controlling direction 
of word-exposure, (II) of eliminating reactive eye movements, (III) of 
accentuating word-form, and (IV) of mirroring the material. The re- 
maining experiments were concerned with (V) the direction of reading 


single letters and rows of letters, and (VI) the direction of reproducing» 


geometric designs. 
METHOD AND PROCEDURE 


Subjects. Two groups of Ss were selected for the experiments: a control group, 
composed of Ss showing average achievement in reading and arithmetic computation 
(reading-age and arithmetic-age approximating chronological age closely enough 
to yield quotients between 90 and 110), and an experimental group, composed of 
Ss possessing average achievement in arithmetic computation but a retardation in 
reading-age of at least two years below chronological age. The groups were further 
limited by selecting Ss who were within arbitrary ranges of certain variables with 
which reading achievement has been demonstrated to accord fairly closely: (1) aver- 
age intelligence; (2) chronological age between 8 yr. 11 mo. and 9 yr. 11 mo.; 
(3) attendance in school for three complete years beyond kindergarten; (4) ab- 
sence of speech disturbances; and (5) membership in unilingual, American-born 
families of middle social and economic status. Finally, the Ss of the experimental 
group were paired with those of the control group on mental and chronological ages. 

The study was carried out in five grade schools in Weathersfield, a commuters’ 
suburb of Hartford, Connecticut, inhabited chiefly by families of middle social class, 
and in Ivy school of New Haven, Connecticut, which is attended chiefly by children 
from middle social class homes. All children who were in the fourth grade or below and 
who complied with the chronological age requirement and the arbitrary limits listed 
above were given one form of the New Stanford Achievement Paragraph Meaning 
Test and Arithmetic Computation Test. The children who approximately fulfilled the 
achievement requirements were then given the Haggerty Sigma I Reading Test and 
a second form of the New Stanford Paragraph Meaning Test and Arithmetic Com- 
putation Test. 

The children who were indicated by the above mentioned tests as having a special 
reading difficulty of the degree defined for this study were given the Stanford Binet 
Intelligence Test. Those individuals who now met the requirement of average in- 
telligence and who confirmed the manifestation of reading difficulty during an 
individual examination on the Gates Pronunciation Test and a third form of the 
Stanford Achievement Test were enlisted in the experimental group. 


* In subsequent articles the two groups of Ss used in the present study of reversals 
will be compared with respect to certain other factors which have been considered 
by some investigators as typical of, or causal in, reading disability and reversal- 
errors; hand and eye dominance, audition, vision, verbal associations, and emotional 
adjustment. 
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The control group was selected in an equally rigorous manner. Stanford Binet 
tests were administered to children from the total group surveyed whose achieve- 
ment test scores met the criterion of average adequacy and whose chronological ages 
could be paired with those of the experimental Ss. Individuals were selected whose 
mental ages matched those of the experimental Ss. 

Of the 119 boys and 99 girls tested in the original survey, 21 of the former 
and 4 of the latter proved to have a reading difficulty of the degree defined for 
this study. Eighteen of the boys and 2 of the girls conformed with the other 
criteria also. In the interests of homogeneity the present report has been confined 
to the results obtained from studying the boys. 

The grade placements and number of grade repetitions for the 18 experimental and 
18 control boys are given in Table I. All Ss had attended school 3 years beyond 
kindergarten; all, consequently, had been exposed to reading instruction for an equal 
number of years. The majority of the control Ss were in the fourth grade; the 
majority of the experimental ones, having repeated a grade, were in the third grade. 


TABLE I 


CLASSIFICATION OF THE Ss AccorpING TO GRADE-PLACEMENT AND NuMBER 
or Grapes RepeATED 


Grade placement Number grades repeated 


Ss 


Experimental 
Control 


The average achievement-ages and grades for the two groups of Ss on the selec- 
tion-tests are given in Table II.* The statistical significance of the differences between 
the reading-ages of the two groups indicates that the groups were definitely of 
different samples in the reading processes measured.’ The average arithmetic-ages 
and quotients for both groups were within an average achievement-range. The sig- 
nificance of the difference in arithmetic-scores may be higher than the true difference . 
in arithmetical ability because the majority of the control Ss, as compared with 
very few of the experimental ones, had been introduced to division in the fourth 
grade and because some confusion in carrying out the printed instructions of the 
arithmetic tests occurred in the experimental group despite the experimenter’s at- 
tempt to avoid this difficulty. 

Table III shows the chronological ages, mental ages, and intelligence quotients 
obtained on a corrected scoring of the Stanford Binet Intelligence Test for the paired 
Ss. In order to arrive at a rating of intelligence which would accurately represent 
the ability of the experimental Ss who are penalized on certain test items by the 
possession of reading handicaps, a correction was applied by omitting from a 


‘In order to compute average achievement-ages for the reading handicap group, 
the procedure of assigning an age-score of 6 yr. to Ss who did not score at all on 
the tests was used since the average chronological age for school entrance, and hence 
for practically no achievement at all, was six years in this community. 

* Student’s correction was utilized in computing the standard errors of the means. 
A critical ratio of 2.89 was considered significant. It is Fisher's value of t for 17 
degrees of freedom, or n-1 in this study. 
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revised scoring of the Binet those items which such Ss, as opposed to control Ss, 
have been found to fail rather consistently. These items include reading and report, 
dissected sentences, vocabulary, designs, and repetition of digits backwards. The 
procedure followed was that of giving the complete Binet and scoring it in the 
usual manner. Then the correction in scoring was applied for both groups of Ss 
by omitting the above enumerated items up through the last age-level at which three 


TABLE II 


Mean AcuieveMent Aczs, GRADES, AND QuOTIENTS OBTAINED BY THE EXPERIMENTAL AND 
Conrrot Groups On TESTS FOR SELECTION 


ity Groups of Ss 


Experimental group Control group D/ea 


age grade age grade 
Reading: 
Stanford Achievement : ; ‘ 9-59 3-79 102.94 


Gates Pronunciation 8.97 3.27 95.67 
5 2.46 


Haggerty Sigma I 2 : 9.64 103.39 
15 1.72 


Arithmetic: 
Stanford Achievement M ; 3.30 95.61 9.78 3.96 105.11 
Computation om .09 1.36 1.25 


* Based on the average of scores on 3 forms (V, X, Y) of the test. 
+ Based on the average of scores on 2 forms (V, X) of the test. 


or more items were passed. The number of months represented at each age-level 
were redistributed among the items remaining after the omission of the penalizing 
tests. This procedure proved to leave the average rating made by the control group 
on the uncorrected form almost unaltered. The uncorrected Binet yielded an average 
intelligence rating for the experimental group which was 3.61 IQ points lower than 
that of the control group. The difference was reduced to 1.05 IQ points on the 
corrected scale." 

Apparatus. A falling-screen exposure-apparatus, modeled after the Dodge falling- 
plate apparatus,® was used for the presentation of the visual material (Fig. 1). The 
principle of the apparatus is that of exposing stationary material when a window 


*L. S. Wolfe and C. C. Miles (unpublished study on the influence of reading 
disability on the Stanford Binet intelligence rating). 

"Donald Durrell (The effect of special disability in reading on performance on 
the Stanford Revision of the Binet-Simon tests, unpublished M.A. Thesis, University 
of Iowa, 1927) found an average increase of 4.75 IQ-points for Ss with reading 
disability of much wider C.A.- and M.A.-ranges by using a somewhat different cor- 
rectional scheme on the Binet scores. 

* Raymond Dodge and T. S. Cline, The angle-velosity of eye movement, Psychol. 
Rev., 8, 1901, 145-147. 
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in the falling-screen coincides with one in a front-screen behind which is the printed 
material. The apparatus was designed with several considerations in view: it had 
to be portable, adjustable in height, and adjustable in speed of fall so that it 
could be used for both slow and fast exposures. When the apparatus was to be used 
for slow exposures, the falling-screen was attached to a piston which moved in 
an oil filled cylinder. When the oil control was not attached, the instrument could 
be used for rapid exposures. 
TABLE III 
CxronotocicaL AND Correcrep STANFORD Binet MENTAL AGES AND INTELLIGENCE 
Quotients ror Every S in THE ExperIMENTAL AND THE ConTrot Groups 
(The Ss of the two groups which were paired are represented by the same numbers.) 
C.A.* Stanford Binet corrected 
experimental control 


experi- 
mental 


control 


8-11 
v3 
9-10 
9-1 


102 
104 
98 


107 


Im 1.35 
D/oa 56 -30 
* Months were expressed in tenths of years in order to describe the groups in convenient 
units. 


I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 


Both the supporting and the falling-screen frames were constructed of brass. The 
former measured 72 cm. by 31 cm. over all; the sides were 1 cm. square with a 
groove of 3 mm. in which the guides moved. The cross piece measured 2 cm. in 
width; the bottom piece, 2.5 cm. by 2.5 cm. 

The falling-frame measured 28 cm. by 41 cm. over all; the width of the pieces 
was 3 cm. Attached to the falling-frame were four hard rubber lugs which extended 
3.5 mm. beyond the frame and fitted into the grooved guides of the supporting- 
frame. The falling-frame was pulled up by means of a cord and a brass pulley 
attached to the center top of the supporting-frame. On the back of the falling-frame 
was a 1 cm. extension into which could be placed a bristol board screen containing 
an exposure window. A 31 cm. by 18 cm. aluminum flap for holding the reading- 
material was attached to the center back of the supporting-frame by two flat springs. 

The oil cylinder, measuring 50 cm. in length, was clamped into the bottom of the 
supporting-frame. The plunger of the oil cylinder was secured to the center bottom 


4 
ty 
M.A. 1Q M.A. 1Q 
93 9-10 106 10-0 110 
5 10-0 106 10-2 108 
- 8-11 105 105 
9-8 10-4 107 10-3 107 
9-3 98 105 10-6 114 
9-10 10-6 107 97 
9-1 107 103 
9-4 9-4 101 9-8 104 
8-11 8-10 8-9 98 8-10 100 
8-7 93 8-11 96 
9-0 9-0 8-8 96 9-0 100 ; 
73 8-7 93 8-9 96 
9-9 8-10 89 9-0 92 
9-2 9-2 9-0 9-4 102 4 
10-1 = 9-10 104 


Fic. 1. FRONT AND BACK VIEW OF EXPOSURE-APPARATUS 


B, bristol board front piece; W, exposure window; C, oil-filled cylinder; P, piston; 
F, flap for holding exposure material; S, falling-screen. 


of the falling-screen by a screw attachment. Two screws determined the rate of flow 
of the oil and, consequently, the speed of the fall. The cylinder was filled with 
kerosene, the viscosity of which allows the fluid to be little affected by temperature 


es. 

The front piece of the apparatus, containing an 8 cm. by 15 cm. window, was 
dull neutral gray bristol board; it was fastened to the supporting-frame of the ap- 
paratus by four small brass clamps. Dull finish, white bristol board was used for the 
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screen which carried the window in the falling-frame. Since the distance between the 
moving window and the material was only 6.3 mm., the same as between the 
moving window and the front window, no detectable shadows resulted. 

The apparatus was mounted on a stable Ever-Hold Automatic Adjustable Stool 
with three iron legs. The oil cylinder of the apparatus extended through the top of 
the stool and was held by a brass collar fitted with finger set screws. Two means of 
adjusting the apparatus so that the exposure window was on a level with S’s eyes 
= a adjustment of the height of the stool and of the height of the cylinder 
in the stool. 


The apparatus was used only in well lighted rooms. It was placed facing the 
source of light and one meter from S. This placement proved satisfactory in that 
shadows on the reading material were not detectable. 

Two kinds of exposure-cards, 21 cm. by 30.5 cm., were used: dull finish, white 
bristol board and glassine, a transparent paper. Lower case letters were used for 
all the reading material. The different kinds of printing used will be described in 
connection with the various experiments. 

The words used in the experiments were chosen from a word list for primary 
grades compiled by Gates.? Words having the following structural forms were 
selected: (1) words which could be read meaningfully in a right-left direction 
(e.g. was and top) and which, therefore, could give opportunity for complete 
reversals in response; (2) words which could be read by interchanging the letters 
within the words (e.g. who and bread), giving opportunity for partial reversals; 
and (3) words which would not be meaningful if reversed unless they were mutilated 
in some way. Each non-reversible word, chosen as a control for a reversible word, 
was selected so that it was similar to the reversible one in Gates’ rank (indicating 
the importance and probable frequency of the words in primary texts) and in word- 
form, i.e. in the number of and position within the word of ascending and descending 
determining letters and of indifferent letters. The final list of 50 words consisted of 
15 completely reversible words with 15 controls for them and 10 partially reversible 
words with 10 controls for them, These 50 words were printed both in a right-left 
direction and left-right direction, making a total of 100 stimulus-words. 

Procedure. Since the study necessitated the presentation of the same list of 
words a number of times, at least 4 days were allowed to elapse between successive 
presentations of the list by different exposure-methods in order to prevent the Ss 
from developing stereotyped responses. They were told at the beginning of the 
repeated presentations, “Today you are going to see some more words.” The total 
time required for the presentation of all of the reading material was approximately 
6 hr. per S. On any one day no S$ worked over one hour and during this time he was 
given rest-periods between successive 15-min. work-periods. 

The responses of the Ss to the reading material exposed were made orally. This 
procedure had the advantage of (1) permitting adequate explanation, when necessary, 
in response to questioning by the examiner, (2) not complicating the responses by 
motor factors required in writing responses, and (3) eliminating chance elements 
which might result through any use of a multiple-choice response-method. 

Mimeographed word-sheets listing the exposure-material were used by the ex- 
perimenter in recording Ss’ responses. Whenever the responses were an exact repro- 


° A. I. Gates, A reading vocabulary for primary grades, Teach, Coll, Bur. Publ., 
Col, Univ., 1926, 1-23. 
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duction of the exposed material, either in a left-right or right-left direction, recording 
consisted in drawing arrows indicating the direction of the response. . | other 
responses and remarks were given full written records. 

The scoring system used was that of counting, as recorded, the frequencies of 
(1) reversal-errors, (2) all other response-errors combined, (3) ‘don’t know” 
responses, and (4) correct responses. The responses other than reversals were 
recorded in order to indicate what happened to the latter in comparison with the 
former under the various experimental conditions imposed. Reversal-responses for 
words were classified under two categories: complete reversals and partial reversals. 

A complete reversal consisted in a right-left directional response either of the entire 
stimulus-word, e.g. saw for was, or of the word with a single letter substitution: 
which made possible a meaningful reversal, e.g. toe for eat. Right-left responses 
to control-words, including those printed backwards, were also counted as com- 
plete reversals. A partial reversal consisted of a change in the order of the letters 
within a word, e.g. bread for beard. 


I. EFFECT OF DIRECTION OF WorD-EXPOSURE 
The object of Expermient I was to determine the effect of direction of 
exposure of words upon the frequencies of right-left word-responses and 
letter-arrangement responses. 


Method and procedure. Three different methods of exposure were used: every 
word (1) was presented as a whole; (2) was presented letter-by-letter in a left-to- 
right direction; and (3) was presented letter-by-letter in a right-to-left direction. 
The first method was used in order to obtain responses which could be used as a 
standard with which to compare reading responses made under the various experi- 
mental conditions in the present and subsequent experiments which introduce 
various controlled factors. 

Two different exposure-windows in the falling-screen were used in presenting 
the material. The window for the whole-word presentations was a horizontal slit, 
5 cm. by 15 cm. The one for the letter-by-letter exposures was a diagonal slit, 17 
cm. long and 0.7 cm. wide. This slit was the hypotenuse of a right isosceles triangle, 
the base of which was parallel to the bottom of the screen. In falling, this angular 
slit exposed only one complete letter at a time. By inverting this screen, both the 
left-right and right-left letter-by-letter exposures were accomplished. The falling- 
plate, carrying the screen, was attached to the oil control which was adjusted for a 
constant, predetermined rate of fall. The exposure-period allowed by the horizontal 
window for whole-word presentations was 2.17 sec.; that by the diagonal slit for 
directional presentation was 0.32 sec. per letter. 

The order of presentation of the words was arranged so that the highest ranking 
words (according to Gates’ list) were alternated with the lowest ranking ones. Re- 
versible and non-reversible words were arranged in random fashion. The reversed 
form of any word was not presented at the sitting during which the original form 
was shown. The entire series of words was presented first by the whole-word ex- 
posure-method (hereafter referred to as the standard method). Then, alternations 
of 10 right-left with 10 left-right letter-by-letter exposures followed until the com- 
plete list of words had been presented in both directions. This alternation, it was 
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hoped, would prevent a directional set from being induced by the experimental pro- 
cedure or the possibility of S’s catching on to the fact that some of the control-words 
were printed backwards. Half of the Ss in each group began this part of the work 
with the right-left and half with the left-right exposure-method. 

Instructions. The instructions were designed to provide as a set the giving of 
word-responses. For the whole-word exposures the instructions were: ““Now you 
are going to see some words through the window; watch very carefully and tell 
me the words as quickly as you can. Let us see how many you can get right.” Two 
practice trials were given. For the controlled-direction exposures, § was told, ‘Now 
you will see some more words, but this time you will see only one letter at a time. 
Watch carefully and tell. me the words as quickly as you can.” Two practice trials 
were given. 

In order to determine the correspondence between reversed word-responses and 
the order of the letters S perceived, and also to determine the direction of letter- 
groups perceived when no words were reported, S was asked, ‘““What letters did you 
see?” The letters of all the correct responses were not requested since it was desired 
to prevent undue interference with the set to give word-responses. Yet it was desirable 
to include some correct words in the questioning to allay the suspicion of further 
questioning on the incorrect word-responses only. 


Results. The results are presented in three divisions: (1) word-te- 
sponses; (2) letter-responses to the words which were reversed; and 
(3) letter-responses to the words which the Ss did not recognize. 

(1) Word-responses: (a) Inter-group comparisons. Table IV indi- 
cates for each method of exposure the average number of complete and 
partial reversals and of other responses made by each group of Ss for the 
different word-categories and for all words combined. The number of 
words reversed by the experimental group exceeded that made by the 
control in every word-category by amounts producing critical ratios be- . 
tween 1.20 and 6.47. When all the classes of words were combined,?° 
the differences between the groups in reversal-errors are all statistically sig- 
nificant, the critical ratios falling between 3.87 and 8.18. The experi- 
mental group also made a significantly greater number of other errors 
and “don’t know” responses than did the control group. 

All Ss of the experimental group reversed some words under each 
condition of word-exposure. This was not true for the control Ss. Two of 
the experimental Ss deviated considerably from the remainder of the 
group in the number of reversals, one making relatively many and one 
making relatively few under the three methods of exposure. Three of 
the control Ss made relatively many reversals in comparison with the 
rest of the controls. 


* For all combinations, the original data were regrouped and the means and 
variabilities determined directly therefrom. 
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(b) Intra-group comparisons. A comparison of the reversals made by 
the experimental Ss under the standard exposure-method with those made 
by them under the right-left and left-right exposures indicates that the 
frequency of their reversal-responses was little influenced by the direction 
in which the words were viewed. Table V reveals these differences in criti- 
cal ratio units, none of which is statistically significant. Forced viewing 
of the words in a left-right direction decreased complete and partial 
reversals (as compared with the standard condition) by only 0.47 and 
0.21 critical ratio units, respectively. Right-left viewing of the words 
increased reversals by 1.18 to 1.88 critical ratio units over those made 
under the standard condition and left-right exposure-condition. 


TABLE V 


Comparison IN Criticat Ratio Units or THE Number or Reversats Mape Unper THREE 
DirrereENt Metuops or Stow Exposure FOR THE EXPERIMENTAL AND THE CONTROL Groups 


Groups of Ss and types of reversals 


Exposure methods experimental control 


complete partial complete partial 


Whole and left-right -47 .60 
Whole and right-left 1.88 1.28 2.39 2.00 
Left-right and right-left 1.83 1.18 1.60 2.00 


That controlling direction of word-exposure had only a minor effect 
upon the almost negligible number of reversals made by the control group 
under the standard condition is shown in Table V. The differences, ex- 
pressed in critical ratio units, between the reversals made by this group 
under the different exposure conditions are not statistically significant. 

In short, the effect of direction of word-exposure upon reversals was 
small in the case of both the experimental and the control groups. Forced 
viewing of the words in the custom-determined left-right direction or in 
the opposite direction left the experimental group making about as 
many reversals and the control group making about as few reversals as 
each one made when direction of viewing the words was voluntary. 

In order to investigate the possibility that reversals might bear a re- 
lationship to the Ss’ relative familiarity with the two forms of a reversible 
word, a tabulation was made to show how frequently every word used 
in this experiment was reversed. As an indication of probable familiarity, 
in terms of frequency of appearance of these words in primary texts, 


* The usual correction for correlated measures was made in the computation of 
the critical ratios for intra-group comparisons. 
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Gates’ ranks of the words were used.!? Admittedly this procedure could 
yield only an approximation to the frequency with which the Ss in the 
present experiment had been exposed to the various words. It was not 
feasible, however, to count the number of times every word had appeared 
in the various books which the Ss had actually used in school. 


TABLE VI A 


RetaTion or Gates’ RANKS OF THE WORDS AND OF THE RaTIO OF RANKS OF THE Two Forms 
Worp To THE Numser OF Reversats Mape ror THESE Worps THREE 
Dirrerent Stow Exposure-ConpiTIONs BY THE Ss OF THE EXPERIMENTAL GRouP 


tes” Exposure manners 
rank Reversible and no. of re- 
(2) words versals made 


Gates’ 
rank 


(1) 


Reversible 
Gates’ words 
rank 


complete 


whole- left- right- orsibles 


complete 
word right left 


reversibles 


on 2 2 
saw 8 7 
pat I 
rats 

lap 

pin 

pets 

oh 

pan 

nuts 

but 

ten 

top 

stop 

not I 


Sums 16 
Partial reversibles 
760 
923 
146 
left 523 
meat 435 
who 62 


are 34 

bread 158 

eat 50 
Sums 


2 
2 
2 
5 
4 
4 
2 
° 
2 
2 
8 
9 
5 
2 


I 
I 
2. 
4. 
5. 
7. 
9. 
oO. 
6. 
20. 


den 
pear 
read 
ant 


v 


* Partial reversals. 
Complete reversals. 


Partial reversibles 


970 
1500-++ 
302 
1500-++ 
1259 
1500+ 
425 
258 
1259 
1296 


Exposure manners 
and no. of re- 
versals made 


whole- left- right- 
word right left 


” The 1500 words in Gates’ list are arranged in order of their importance for 
primary grades, frequency of appearance in representative primary texts being a 
factor in determining the ranks. The most frequent or important word has a rank of 


one; the least frequent, a rank of 1500. 
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The number of reversals made by the experimental group for each of 
the reversible words is given in Table VI A. The words in these tables 
are arranged in the ascending order of the ratios of the ranks of the 
two forms of each word and with the lower ranking, or more frequent, 
of the two forms appearing in the second column. It will be seen that 
when the ratios were greater than about three, i.e. when the words of a 


TABLE VIB 


RetaTion or Gates’ RANKS OF THE ConTROL Worps TO THE NumBER OF ReversAts Mapr 
Unper Turee Dirrerent Conpitions or Stow Exposure FOR THE ExpERIMENTAL GRouP 


Exposure and no. Exposure and no. 
Control Gates’ reversals Control 


words rank whole’ left- right whole _right- 
word right left word right left 
I i 15 12 
16 15 
7 


8, 4* 


2 
2 
3 
3 
3 
5 
2 
4 
I 
3 
1 
1 


vwy 


2 2 
I 3 8 
* Partial reversals; all others were complete reversals. 


pair were disparate in rank, the experimental group reversed more of the 
higher ranking, or less frequent, words of the pairs, #.e. presumably the 
less well-known words of the pairs. The total number of reversals of 
the higher ranking words of the pairs exceeded those for the lower rank- 
ing ones under all conditions of word-exposure. This relationship did 
not hold, however, for all individual word-pairs. Apparently, two factors 
were in operation: the more difficult and unfamiliar reversible words 
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tended to be reported in their more familiar form (¢.g. top for pot), and 
the majority of reversible words whose ranks would indicate that they 
are fairly similar in importance in primary texts were reversed in both 
forms. Hildredth has suggested that when practice has been about equal 
and simultaneous on both words of a reversal-pair, an “opposites-associa- 
tion bond” is formed and the child is thereby confused." A confusion 
of this kind may account for the present findings. 

The total number of times the experimental Ss read every control word 
“in a right-left direction is presented in Table VI B. When the control . 
words were printed backwards, or in a right-left direction, the Ss tended 
to read in a right-left direction more of the words with low Gates ranks 

than with high ones. 

The foregoing word-analysis, preliminary as it is, suggests that words 
have different “reversal-values” for children of the reading level repre- 
sented by the experimental Ss, one determinant of which may be fa- 
miliarity with the words as a function of the frequency of their appear- 
ance in primary texts. 

Reversals made by the control Ss were too few to warrant an analysis 
of them on the basis of word-rank. 

(2) Letter-responses to words reversed. During preliminary experi- 
mentation there were some indications that word-responses did not always 
agree with the letter-arrangements which S apparently observed, or thought 
he was reporting. Consequently, it seemed desirable as a further step in 
analyzing the reversal phenomenon to determine the extent of agreement 
between the reversing of words and the letter-arrangements reported for 
those words. 

Table VII gives the percentage of reversed word-responses whose let- 
ter-groups were also given in a right-left direction by the experimental 
and control groups. Both groups of Ss showed a somewhat low corre- 
spondence between the reversal of words and the reversal of the letters 
of those words. The control group showed slightly more agreement than 
did the experimental, but the differences were statistically insignificant. 

The rather low consistency between reversing words and the letters 
of those words is a result difficult to interpret because of the influence 
which the set to give words and the actual report of the words preceding 
the report of letters may have had on the direction of the letter-groups re- 
ported. The greater consistency of the control Ss may have been due 
to their resorting to spelling the words which they had reported, an act 


eoanete Hildreth, Reversals in reading and writing, J. Educ. Psychol., 25, 
1934, 14. 
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which they could perform to a more successful extent than could the 
experimental Ss who were known to be backward in spelling as well as 
in reading achievement. 

(3) Letter-responses to the words unknown to S. Since the letter- 
responses treated in the preceding section were given following word- 
responses and might have been influenced thereby, the Ss were also asked 
to report what letters they saw after each word-exposure for which they 


TABLE VII 


Numser AND PercentaGE Or Letrer-Groups Reversed Out or THE TOTAL 
Numoser or Worps Reversep 


(CR=complete reversal; PR= partial reversal; TR=total number of all reversals.) 
Groups of Ss and responses 


Methods of Reversal experimental control D/ 
exposure responses 


word letter letter 
0 


CR 40 
Whole-word PR 6 50 
TR 43 


CR 47 50 
Left-right PR 44 


9 
TR 56 48 


CR 85 63 
Right-left PR 9 43 
TR 94 26 56 


could give no word-response. The frequencies with which the letter- 
groups were given in the various directions (right-left, left-right or par- 
tial) were tabulated and expressed for each group and every exposure- 
condition in percentages of the total number of letter-groups given. The 
results are presented in Table VIII. 

(a) Inter-group comparisons. The experimental group exceeded the con- 
trol group by statistically significant amounts in letter-groups reported in 
a right-left direction for the standard and right-left exposure-methods. No 
difference occurred for the left-right exposure condition. 

(b) Intra-group comparisons. In the case of the experimental groups, 
right-left exposure, as compared with the standard exposure, significantly 
increased the proportion of letter-groups given in‘a reversed direction 
(complete and partial reversals combined) while the left-right exposure 
had no effect at all. A comparison of the proportion of letter-groups re- 
ported in a partial and complete right-left direction with the proportion 
of words reversed reveals that the latter greatly exceed the former. Of the 
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total number of stimulus-words reported as words, 14%, 13%, and 18% 
were reversed (all words combined) under the conditions of standard, 
left-right and right-left exposures, respectively. The corresponding pro- 
portions for letter-arrangements were 3%, 3%, and 9%. 

The control Ss reversed no letter-groups at all when they were exposed 
by the standard method. Both of the other two methods of exposure 
resulted in a few reversals, those for the left-right exposure method 
TABLE VIII 


Numser AND PercenTAacE Or Letrer-Groups Reversed Out or THE TOTAL 
Numser or Letrer-ComBINATIONS 


(Cor.=correct responses; CR=complete reversals; PR= partial reversals; 
TR=total number of all reversals.) 


Groups of Ss 


Methods of Response experimental control 
exposure type 


no. 


; 506 

Whole-word 10 
7 

17 

; 499 

Left-right 6 
9 

15 

464 

Right-left 32 
12 

44 


ow ae wound & 
wan 1118 
88838 


slightly exceeding those for the right-left method. No differences resulted 
for this group of Ss between the proportion of letter-groups reversed in 
this experiment and the proportion of word-responses given in a reversed 
direction; they were both small. 

The very few letter-group reversals of the control group in this ex- 
periment as compared with the number of reversals following reversed 
word-responses suggests that giving word-responses (in a reversed direc- 
tion) prior to letter responses influenced the direction of giving the letters. 
This influence, as has already been suggested, may have been exerted 
through the Ss’ attempts to spell the words which they had given. 


IJ. EFFECT OF ELIMINATION OF REACTIVE EYE MOVEMENTS 


This experiment was designed to determine what influence eliminating 
reactive eye movements would have upon reversals. The reading material 
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consisted of the same 100 stimulus-words which were used in Experiment 
I. 


Apparatus. The falling-screen of the exposure-apparatus was detached from the 
oil control and allowed to fall freely upon 4-in. pieces of sponge rubber wrapped 
around the lower side-pieces of the supporting-frame. A horizontal slit, 8 cm. by 12 cm., 


TABLE IX 


Mzan Numoer oF Responses TO DirreRENT Types oF Worps Exposep UNDER 
Conprtions oF Rapip Exposure 


(CR=complete reversal; PR= partial reversal; AE=all other errors; 
DK=“‘do not know” responses; Cor.=correct responses.) 
Groups of Ss 


control 


Completely- 
reversible 
(n= 30) 


Partially- 
reversible 
(n= 20) 


Control printed 
left-right 
(n= 25) 


Total (n= 100) 


3 


formed the window of the falling-plate and gave an exposure of 50 ms. A cross marked 
upon the center of the exposure screen was fixated by S before the exposure of every 
word. The apparatus was placed one meter from the S; the visual angle subtended 
by the longest word at this distance measured 2°. 5 

Instructions. The instructions were as follows: ““You are going to see some words 
for a very short time; when I say ‘ready,’ you look at the cross in the window and 
then you will see a word there. Be sure not to move your eyes until after you have 
seen the word, or you might not see it. Let us see how many.words you can get.” 
Four practice trials were given. 


Words Responses experimental m7 D/oa 

M om M om 

CR 1.28 -19 -06 6.10 

AE 6.00 .82 2.17 st 4.16 
DK 11.50 1.32 -44 -17 8.32 
Cor. Il.11 1.27 27.33 -49 11.93 
CR -06 _ 1.20 
PR 78 +25 -61 -14 -81 a 

AE 4.22 1.39 -49 3-93 

DK 8.33 -97 13 8.21 

Cor. 6.61 “19 17.72 53 11.69 
CR .33 .28 1.18 
PR -06 1.20 

AE 4.67 57 2.11 -35 3.82 
DK 8.00 1.01 -50 -17 7.35 

Cor. 12.00 1.21 22.33 45 8.01 
CR 2.61 -94 3.971 
Control printed PR .06 1.20 
right-eft AE 5.11 -98 .48 
(n=25) DK 13.89 1.21 5.39 1.10 5.41 3 
Cor. 3-33 61 14.11 1.44 6.91 a 
CR 4.28 59 1.00 .28 5.05 
PR -94 .67 16 .87 
AE 20.00 10.32 1.30 3.93 
DK 41.72 19 6.67 8.74 
Cor. 33.06 81.44 2.57 11.12 
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Results. (a) Inter-group comparisons. The responses made by each 
group of Ss and the differences between the groups for the word-categories 
taken both separately and together are presented in Table IX. For all the 
word-categories combined, it will be seen that the experimental group 
significantly exceeded the control group in complete’ reversals but not 
in partial reversals. The former group also made a significantly greater 
number of other errors and ‘don’t know’ responses than did the latter. 

___(b) Intra-group comparisons. A comparison of the number of reversals 
made under the conditions of this experiment with those made on the: 
same words during the standard exposure (Experiment I: whole-word, 
slow exposure) was made for each group of Ss to determine the effect 
of elimination of reactive eye movements with materials of the kind used 
here. The results in critical ratio units are given in Table X.1* 


TABLE X 


Intra-Group Comparisons IN Criticat Ratio Units or Reversats Durinc 
Rapip AND Stow Exposure or Same Worps 


Groups of Ss 


Words Reversal 
experimental control 


Completely-reversible Complete 2.92 
(n= 30) Partial 1.38 


Partially-reversible Complete .10 
(n= 20) Partial 


Control, printed left- Complete -93 
right (n= 25) Partial .10 


Control, printed right- Complete .08 
left (n= 25) Partial .69 


Total (n= 100) Complete -56 
Partial 25 

In every word-category except one, the experimental group reversed 
more wotds during the standard exposure than during the rapid exposure 
which eliminated reactive eye movements. For the total list of 100 
words the differences with respect to both partial and complete reversals 
were significant. 

Although the number of reversals made by the experimental group dur- 
ing the rapid exposure was significantly less than was made by it during 
slow exposure, it should be noted that the total number of incorrect (in- 
cluding ‘‘don’t know’) responses was not decreased. Examination and 
comparison of the original records revealed that the reduction in reversals 


*“Intra-group correlations employed in the -critical ratio computations ranged 
from + 0.05 — .163 to + 0.49 + .124 for all words combined and from — 0.18 
+ ,158 to + 0.64 + .097 for the separate word categories. 


-00 
-00 
“33 
+33 
.00 
1.10 
00 


AN EXPERIMENTAL STUDY OF REVERSALS IN READING 551 


was due to a compensatory increase in the number of more serious errors 
or of complete failures probably because of the shortened time for rec- 
ognition. Thus, elimination of reactive eye movements cannot be said to 
have decreased reversals in terms of converting them into correct responses. 

The direction of the control Ss’ reading was little affected by elimina- 
tion of reactive eye movements. The differences were neither consistent 
in direction nor statistically significant. 


III. EFFEcT OF ACCENTUATION OF WoRD-FORM 


In the third experiment an investigation was made of the suggestion 
that lack of attention to word-form, i.e. the visual appearance of a word, 
produces reversals and that reversal-errors disappear when methods are 
used which demand a high degree of immediate attention to word-form. 


Procedure, Thirty words (10 reversible words printed in both directions, e.g. was 
and saw; 10 control words printed in a left-right direction) were selected for use 
in this experiment from the list of 100 words used in Experiments I and II. The 
words were printed in outline by a commercial artist. Exploratory experimentation 
determined the extent to which the separate letters had to be mutilated by outlining 
to cause 9-yr.-old children considerable difficulty in reading them in isolation. 

A check of the difficulty encountered by the Ss was made by recording their re- 
sponses to 10 representative isolated letters printed in outline. The experimental Ss 
failed on the average to identify 34% of the letters; the control group, 32%. The 
isolated letter ‘a,’ for example, was almost always called ‘c i.’ Apparently both groups 
experienced sufficient difficulty in reading the separate letters to necessitate giving 
extra attention to word-form in reading the words. 

The words were exposed on the falling-screen apparatus. The same exposure- 
window and exposure-time per word were used here as in Experiment I for the stand- 
ard. exposure. 


Results: (a) Inter-group comparisons. The responses to the words in 
outline print are given in Table XI. It can be seen that the experimental 
group exceeded the control by statistically significant amounts on both 
complete and partial reversals. 

The differences between the two groups of Ss when the responses to 
the same 30 words in the present experiment were tabulated for the ex- 
periments using fast and slow whole-word exposures of the words in Goudy 
print are also shown in Table XI. The differences between the experi- 
mental and control groups were always in the same direction and were 
statistically significant in every instance except one (partial reversals made 
to the words in Goudy print, fast exposure). 

(b) Intra-group comparisons. intra-group comparisons of the frequen- 
cies of reversals made under the conditions of the present experiment and 
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those made in the experiments using Goudy print fast and slow exposures, 
ie. when reactive eye movements were and were not eliminated and when 
word-form was probably not accentuated, appear in terms of critical ratios 


TABLE XI 
Responses TO DirFERENT Types OF Printinc Unper Dirrerent Exposure-RATEs 


(CR=complete reversal; PR= partial reversal; AE=all other errors; 
DK=“‘do not know” responses; Cor.=correct responses.) 


Groups of Ss 


~~Printing and 


exposure 


= 


Responses experimental control 


ad 


Outline, slow 


Goudy, slow 13 
.09 

-19 

Goudy, rapid ‘ 
-14 

-53 


in Table XII. Accentuation of word-form, as produced in this study, had 
no significant effect on the number of reversals made with the same series 
of words by either group of Ss. The tendency on the part of the group 


TABLE XII 


Comparison tn Critica Ratio Units or Reversats Mave Unper DirrerENT 
ConpiTions OF PRINTING AND ExposurE-TIME 


Groups of Ss 


Printing and exposure Reversal 
experimental control 


Goudy, slow and rapid Complete -00 1.09 
Partial 1.00 


Goudy, slow and out- Complete -96 zs 
line, slow Partial +33 


Goudy, rapid and out- Complete 1.05 2 
Partial 


line, slow 1.56 


handicapped in reading to make reversal-errors and of the control group 
to refrain from making them was persistent despite the various experi- 
mentally controlled factors which have thus far been studied, 


M om M om 
CR 1.06 -19 -09 
PR .61 .12 
AE 6.50 -97 1.56  .40 
DK 5.78 1.43 
Cor. 16.06 1.28 28.06 45 
CR 83 +23 ( 
PR -56 -14 7 
| 
oo 
20 
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IV. EFFECT OF MIRRORED PRINTING 


Whether or not mirroring words would alter reading direction was in- 
vestigated in this part of the study. 

Procedure. The 100 words used in the first two experiments were mirrored for 
the present purpose by inverting laterally sheets of glassine, a transparent paper, upon 
which the words had been printed, and pasting them on bristol board exposure-cards. 
The mirroring, of course, reversed not only the lateral direction of the word but 
also the orientation of the letters themselves within the word. The type and spacings 
were exactly like those used in the experiments employing ordinary Goudy print. 
The instructions, exposure-period, and means of exposure were identical with those 
for the standard method in Experiment I. The Ss’ responses were recorded in terms 
of the directions in which the words were read, #.e. from right-to-left or from left- 


to-right. 

Results: (a) Inter-group comparisons. Table XIII shows the average 
number of words of the various categories read in each direction by the 
experimental and control groups. (The control-words are designated in 
the table according to the direction in which they could be read meaning- 
fully, i.e. in terms of letter order, after they were mirrored. Control words 


TABLE XIII 
Mean Numoer oF Responses TO Mirrorep Worps 
Groups of Ss 


Direction 
Words of re- experimental control 
sponses 
M om 


Completely-reversible LR 8.06 
(n= 30) RL 3.00 -49 5 


Partially-reversible LR 2.39 .46 1.00 
(n= 20) RL 2.28 1.32 
Control, printed right- LR 83 35 2.46 
left (n= 25) RL 6.78 
Control, printed left- LR 9.56 72 2 ‘ 2.65 
right (n= 25) RL -39 +23 89 ‘ 1.16 
Total (n= 100) LR 20.83 2.44 ‘ ; 2.99 
RL 12.44 T. .67 


printed right-left, for example, could be meaningfully read only in a right- 
left direction unless S$ mutilated the words or read them as nonsense 
syllables). For all groups of words the control Ss exceeded the experi- 
mental ones in the number of words reported in a left-right direction, the 
significance of the differences for 4 out of 5 word-groups being between 
2.46 and 3.13 critical ratio-units. The control group also read more words 
in a right-left direction than did the experimental group except in the 
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case of control words printed right-left, but none of these differences 
was statistically significant. 
The results of this experiment were also expressed for each group 
of Ss in terms of the proportion of the number of mirrored words read in a 
left-right or right-left direction to the total number ‘of words read. As 
Table XIV reveals, the experimental group surpassed the control group 
in the proportion of words read in a right-left direction for the whole list 
of words and for two out of the four separate word-categories. Only one 
~—of-these differences, however, was significant; namely, the one for control. 
words printed in a right-left direction. 


TABLE XIV 
NuMBER AND PercenTAGE OF Mrrrorep Worps Reap IN Dirrerent Directions 
Groups of Ss 


Direction 
Words of re- experimental control D/ca 
sponses 


n. % % op 
Completely- LR 145 73 21776 025 
reversible RL 54 27 70 -025 
Partially- LR 43 51 54 44 
reversible RL 41 49 ‘ 69 56 045 
Control, LR 15 45 28 
right-left RL 122 89 11g 72 
Control, LR 172 96 225 «3 
left-right RL 7 16 7 


Total LR 375 63 P 541 67 .016 
RL 224 37 P 270 33 -016 


“75 
75 
-99 
-99 
-86 

86 
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(b) Intra-group comparisons. To determine the effect of mirroring 
words on the reading responses of both groups of Ss, a direct comparison 
of the results of the present experiment (Table XIII) may be made with 
those obtained in the first experiment (Table IV) when the same words 
in ordinary printing were exposed under identical conditions (standard 
or whole-word exposure). Mirroring the words decreased the number of 
left-right responses for both groups of Ss as compared with the number 
of such responses given to the non-mirrored words. The extent of the 
decrease was greater for the control than for the experimental group. The 
right-left responses were increased by mirroring to a significant extent 
for the former group but to only a small extent for the latter one. Mir- 
roring the words had, thus, far less effect on the responses of the ex- 
perimental group than on the control group. The right-left responses 
of the experimental group persisted to about the same extent despite the 
decrease in the total number of words read. Mirrored printing, while 
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increasing significantly the number of right-left responses of the control 
group, decreased the total number of words read by that group to a 
greater extent than for the experimental group. 

In an attempt to throw some light on the meaning of these results a 
word-analysis on the basis of frequency of response-direction was made. 
For the experimental group the ratio of the left-right to the right-left re- 
ports for the completely reversible words printed so that the letters com- 
prising the words with the lower Gates’ ranks were from left-to-right 
was 6.45; that when the lower ranking word was printed right-left was 
1.41. The corresponding figures for the control group were 2.46 and 
2.18. Apparently, then, one factor which was operating in the case of the 
experimental Ss was their familiarity with certain words. They may have 
had a tendency to make words that they knew out of the letter-groups 
shown and, when these groups were printed right-left, a response classifi- 
able as a reversal occurred. Relative familiarity with the various reversible 
words apparently was not related to the responses of the control group. 
Analysis of control words on the basis of the relationship of rank with 
direction of reading-response was unrevealing of any trends. 

A probable explanation of the results of this experiment will be pre- 
sented in the Discussion; the control Ss apparently had a set to correct 
for the mirroring. 


V. DIRECTION OF LETTER-READING 


This experiment aimed to determine (1) the tendency to reverse lower 
case single letters and (2) the direction of reading horizontal rows of 
letters. 


Procedure. Pursuant of the first aim 20 letters printed in 24 point bold Goudy 
type were presented in both a mirrored and an unmirrored fashion.” The letters were 
printed five in a column on bristol board cards and were exposed in succession for 0.65 
sec. each by a horizontal slit, 1.5 cm. by 1.5 cm., in the falling-screen. § was asked 
to name every letter as soon as it was exposed. 

The second part of the experiment dealt with the direction of reading rows of 
‘indifferent’ lower case letters, i.e. letters which had no ascending or descending parts 
which might cause some to stand out more than others and thereby influence the di- 
rection of the reading. Six letters printed in 24 point bold Goudy type with 24 point 
spacings, both mirrored and unmirrored, were arranged in three different orders.” 
Each grouping of letters was exposed by means of the same window and with the 
same exposure-period as were used in the first experiment for the standard pre- 
sentations. S was told, ‘Now you are going-to see some letters through the window; 


a, p, d, z, q, t, y, 0, m, v, f. 
 avciox; xoicva, Civxoa. 
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name them for me as quickly as you can.” No preéxposure fixation-point was used 
for obvious reasons. 

Results. The mean number of lateral reversals of the singly presented 

unmirrored letters was 1.28 and 0.22 for the experimental and control 
groups, respectively. The significance of the difference was 3.58. For the 
same letters mirrored, the mean number read in right-left orientation 
was 17.22 for the experimental and 16.17 for the control group with a 
critical ratio of 1.84. 
—-No significant differences were obtained between the two groups in 
the frequency of reading rows of letters from right to left. When the 
letters were unmirrored, the mean number of rows read in a right-left 
direction was 0.11 for each group of Ss. The experimental group read 
on the average 0.50 rows of mirrored letters from right to left; the con- 
trol group, 0.39. The resulting critical ratio was 0.33. 


VI. REPRODUCTION OF DESIGNS 

That individuals having reading disabilities may be inferior in form 
memory has been suggested by some experimenters. In order to compare 
the Ss in this study on form memory, especially on direction of repro- 
ducing forms, geometric designs unfamiliar to the Ss were used. 

Procedure. Ten Seashore geometrical designs were presented to the Ss." Every de- 
sign was drawn on a bristol board card and was exposed on the apparatus under the 
same conditions as obtained in Experiment II (rapid exposure). S was given paper 
and pencil and was instructed to draw what he saw after each exposure. 

Results, The experimental group (Table XV) exceeded the control 
group in the frequency of making the following responses: (1) hori- 


TABLE XV 
Numoer oF Dirrerent Types OF REPRODUCTION OF 10 SEASHORE DzsiGNns 
Groups of Ss 


Responses experimental control D/oa 


Horizontal inversion 

Vertical inversion 

Horizontal & vertical ; 
All other errors 2.61 


Total 3.00 


zontal inversions; (2) vertical inversions; (3} horizontal and vertical 
inversions combined in one response; (4) all errors other than inversions ; 


™C. E. Seashore, Elementary Experiments in Psychology, 1908, 131. 


M om M om 
-10 1.44 
-O7 -66 
05 1.79 
-36 .60 
1.47 
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and (5) all errors combined. The control group made more vertical 
inversions than did the experimental group. None of the differences, 
however, was statistically significant. 


DISCUSSION 


The assumption that reversals result from right-to-left visual observa- 
tion of words was not upheld by the results of this study. In Experi- 
ment I, forced viewing of words in a right-left direction produced only 
a statistically insignificant increase in the number of reversal-responses 
made by both the experimental and the control groups, whereas forced 
left-right observation resulted in an insignificant decrease in reversals 
of the former group and had no effect upon the latter one. Experiment II, 
which allowed viewing of the whole word while preventing reactive 
eye movements likewise did not eliminate the experimental group's re- 
versals. The persistence of the experimental group in making relatively 
many reversals and of the control group in making relatively few despite 
control of direction of observation and despite elimination of reactive 
eye movements is evidence, then, that some causal factor or factors other 
than direction of visual impression as such must be sought to account for 
reversals. 

An explanation of reversals in terms of lack of attention to word- 
form also appears inadequate. The particular means of insuring increased 
attention to word-form used in this study (outline printing; Experiment 
III)*® produced no material alteration in the experimental group's re- 
versals nor in the control group’s relative freedom from such responses. 

Experiment IV did not support the expectation that the proportion 
of right-left reports of the experimental group would be substantially 
increased by mirroring the words. Only a small increase occurred. The 
control group, on the one hand, showed a significant increase in right-left 
reading with the result that this condition of word-exposure was the only 
one in which the experimental group did not significantly exceed the con- 
trol in the number of right-left word-responses. 

An interpretation of this increase in the right-left responses of the 
control group and the little change in the responses of the experimental 
gtoup can only be conjectured at this time. It seems possible that in spite 
of the number of years of exposure to reading materials the experimental 


* If the tachistoscopic exposure in Experiment II accentuated word-form at all, 
it certainly did not do so to the extent that the outline printing of Experiment III 
did, for the Ss could almost invariably report all the letters of the stimuli shown in 
the former but not in the latter experiment. 
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Ss were still in a stage of reading in which responses to letters may be 
made regardless of their orientation or position in the word. Even the 
severe alteration produced by mirroring the words did not change their 
proportion of right-left responses. The control group, on the other 
hand, being in a more advanced stage of reading, presumably should have 
been responding not only to the letters but also to the position of the 
letters within the words. With the letter orientation reversed or mirrored, 
the more mature reaction may have been that of reading the words in a 
-eesresponding direction. In other words, it is possible that the control . 
group, recognizing (because of its greater familiarity with the words) 
that the words were printed backwards, may have had a set to read them 
accordingly, i.e. to correct for the mirroring. Certain observations made 
during the experiment substantiated this view. The number of control 
Ss who expressed difficulty with the mirrored words exceeded the num- 
ber of experimental Ss who made similar report. Likewise, many more of 
the former made such remarks as: “these words are backwards,’ which 
was of course correct; and “I think thay are up-side-down,” which at least 
indicated recognition of a peculiarity. These individuals attempted to 
read the words in a right-left direction. One boy asked which way he 
should read them and, being given no satisfactory reply, stated, “I guess 
I should read them backwards.” He proceeded to do so. 

It should be stated that the results of this experiment probably are 
not directly comparable with those obtained by other investigators who 
used mirrored material consisting of paragraphs, who worked on Ss more 
alike in reading age, and who took measurements in time rather than 
errors.1° The reading material of the present experiment consisted, it 
will be remembered, in short words only, which were undoubtedly very 
familiar to the control Ss. 

The possibility that some learning or stereotyping of responses may 
have occurred during the repeated presentations of the words should per- 
haps be mentioned. As has been previously stated, however, at least four 
days were allowed to elapse between successive presentations in order to 
minimize such a result. Evidence of learning was not apparent. 

In consideration of the general results of the six experiments here re- 
ported, the writer wishes to propose that the reading behavior noted in 
this study may be accounted for in terms of characteristic stages in the 
process of learning to read, stages which are regularly reached and 
passed more or less quickly by groups made up of individuals such as 


*” Marion Monroe, Method for diagnosis and treatment of cases of reading dis- 
ability, Genet. Psychol. Monog., 4, 1928, 335-456. 
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our control and experimental Ss. As habitual methods of attacking words 
are established, a series of stages is defined. In our control group the 
school-taught habit of systematically beginning in the custom-determined 
left-right direction, and thereby always attending to the position of letters 
within a word as well as to the orientation of the letters, has been more 
or less adequately set up. The experimental group has not yet reached 
this stage, with the result that its members frequently respond in terms 
of partial recognition and association cues which cause errors of various 
kinds including the so-called reversals. According to this interpretation 
we would expect to find reversal-errors in an early stage of the learning 
of average children whose reading progress has followed the usual 
course at the usual rate.*° The child with a reading handicap may remain 
abnormally long at this normal learning stage because of a complex of 
undesirable characteristics such as those found for the present experi- 
mental group, or because of some basic factor or factors which are as 
a whole or in part responsible for these characteristics. 

Descriptions of the present Ss with respect to behavioral factors which 
many workers have investigated in reading disability indicate that as a 
cross-section of children of average intelligence and from the general 
school populations retarded with respect to reading, the experimental 


group of this study may fairly be considered typical.2* Because of the 
nature and requirements of this investigation, no actual non-reader in- 
capable of recognizing any words was included. 


SUMMARY 
As an attack on the nature of the reading behavior involved in making 
reversals of individual words, measurements were made of the effect of 
six experimental procedures upon the frequency and consistency of te- 
versal-errors. The first four experiments provided (I) control of direc- 


* Several studies in the literature on reading, writing, or copying support this 
point of view although in general they were performed on children representing wide 
ae of abilities and were, in the main, cross sectional (L. G. Fildes, op. cit.; Ger- 
trude Hildreth, Success of young children in number and letter construction, Child 
Develop., 3, 1932, 1-14; Reversals in reading and writing, J. Educ. Psychol., 25, 
1934, 1-20. Marion Monroe’s study of poor readers and normal readers of the same 
average reading grade should be mentioned in this connection (Methods for diag- 
nosis and treatment of reading disability, Genet. Psychol. Monog., 4, 1928, 335-456.). 
While both of her groups of Ss made reversals and while such errors decreased as 
the reading age of the groups increased, the poor readers exceeded the normal ones 
in the frequency of reversals. It seems possible, however, that the reversal frequencies 
of a control and an experimental group of the same reading age may be found to be 
fairly comparable in reversals if the groups are selected from school populations and 
are strictly equated in IQ. 

* The results will be presented in subsequent papers. 
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tion of word-exposure, (II) elimination of reactive eye movements, (III) 
accentuation of word-form, and (IV) mirrored printing of the material. 
The two further experiments pertained to (V) the frequency of reading 
single letters in reversed orientation and of reading horizontal rows of 
letters in a right-left direction, and (VI) the frequency of reproducing 
certain geometric designs in orientations differing from the stimulus pres- 
entations. School children, boys, with and without reading handicaps 
(experimental and control groups, respectively, with 18 in each group) 
“served as Ss. 

A falling-screen exposure-apparatus was used for the presentation of 
the materials. Speed of fall of the screen was controlled by means of a 
piston, moving in an oil filled cylinder, which could be attached to, or 
disconnected from, the screen. 

The following results were obtained. 


(1) Control of direction of word-exposure. The experimental group significantly 
exceeded the control group in the number of partial and complete reversals under all 
three methods of word-exposure, i.e. whole-word (standard) exposure, left-right 
letter-by-letter exposure, and right-left letter-by-letter exposure. Forced viewing of 
the words in a right-left direction produced only a slight and statistically insignifi- 
cant increase in the number of reversals made by the experimental and control groups, 
where forced left-right observations resulted in an insignificant decrease in reversal- 
responses of the former group and had no effect upon the latter one. 

An analysis of the individual words with respect to frequencies of reversals indi- 
cated that the Ss’ probable familiarity with the words was related to the frequency 
with which given words were reversed. 

When the Ss were asked to report the letters they had seen for the words they 
reversed or did not know, the following results were obtained. The experimental 
group significantly exceeded the control in the proportion of letter-groups reversed 
for the words they did not know. The control Ss (apparently because they attempted 
to spell the words they had given) exceeded the experimental, though not signifi- 
cantly, in the proportion of letter-groups given in a right-left direction following re- 
versed word-responses. Neither group, however, reported as many letter-groups in 
a right-left direction as it did words. 

(2) Elimination of reactive eye movements, Elimination of reactive eye move- 
ments left the experimental group still significantly exceeding the control group in 
the frequency of complete reversals of words. This exposure-method decreased sig- 
nificantly the number of reversals made by the experimental group as compared with 
the number it made when reactive eye movements were permitted in viewing the same 
words (standard exposure condition, Experiment I) but had no effect upon the 
control group. Analysis indicated, however, that many of the words which the ex- 
perimental group reversed during the standard method of exposure evoked other 
more serious errors or complete failures during the fast exposures which eliminated 
reactive eye movements. So elimination of reactive eye movements did not decrease 
reversals by converting them into correct responses. 
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(3) Accentuation of word-form. When word-form was accentuated by outline 
printing, the experimental group again significantly exceeded the control in the 
number of complete and partial reversals. Intra-group comparisons of the number 
of reversals of the words in this experiment with those made under the conditions 
of the foregoing experiments showed that none of the variations in exposure pro- 
duced significant differences for either group of Ss. 

(4) Mirrored materials. Mirroring the words had little effect upon the frequency 
of right-left reports made by the experimental group while it increased those made 
by the control group as compared with the number it made under the other experi- 
mental conditions of this study. That this result is not contradictory to the other 
results of the study is presented in the Discussion (p. 557) ; there were certain indica- 
tion that the control group was set for backwards words and proceeded to attack 
them accordingly. 

(5) Letters. The experimental group significantly exceeded the control group in 
lateral inversions of separate letters in ordinary print and surpassed it also in the 
number of mirrored letters read in a right-left direction although this difference 
was not significant. Practically no difference between the groups occurred in the 
direction of reading rows of letters. 

(6) Geometric designs. The experimental group exceeded the control group in 
the number of horizontal inversions and double inversions (horizontal and vertical) 
of geometric designs while the control group surpassed the experimental one in 
the number of vertical inversions. None of the differences was significant, however. 

This study, in short, indicated that reversals of words were remarkably per- 
sistent for the Ss with reading disability despite the experimental control of factors 
which have heretofore been suggested as causes of reversals. The control group’s 
maturity of reading response was evident throughout. 

It is proposed that the reading behavior displayed in this study may be accounted 
for in terms of characteristic stages in the process of learning to read. The control 
group was in the stage in which the habit of systematically attacking words in a 
left-to-right direction had been fairly well established. The experimental group had 
not yet reached this stage, with the result that it was responding to partial recog- 
nition and association cues which cause various errors including the so-called re- 
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DISCRIMINATION WITHOUT AWARENESS 


By JAMES GRIER MILLER, Harvard University 


Most of the important concepts of clinical psychology have not yet been 
found susceptible of laboratory investigation, or at least have not been 
subjected to it. Nevertheless such undertakings are likely to be most valuable 
in lessening the gap between the approaches of the clinic and of the labora- 
“tory-to human behavior. The notion of unconscious behavior is of utmost | 
importance in clinical psychology, and it has from time to time demanded 
the attention of laboratory investigators. Sparsely distributed throughout the 
literature, investigations are to be found which have some more-or-less 
distant bearing on this question. 


HISTORY 


The experimental work on this problem can be grouped under the following 
headings: (1) subliminal perception; (2) subliminal learning and conditioned re- 
sponse; (3) the effect of attitude on psychophysical measures; (4) unreported fac- 
tors in problem solving; (5) liminal measures of attention and distraction; (6) re- 
portable effects of subliminal neural stimulation; (7) the réle of subliminal stimu- 
lation of neurones in inhibition and facilitation, including increase of sensitivity ; 
and (8) the effect of the manner of response on the limen. 

It is impossible to consider here the history of the investigations in these several 
fields. We can, however, summarize a few of the important researches dealing with 
the first problem listed: subliminal perception. In 1863 Suslowa reported his work 
with the esthesiometer.* He found that under electrical stimulation esthesiometer 
sensitivity was lowered, even when the current was subliminal. Peirce and Jastrow, 
in 1884, reported experiments with weights less than one jnd. apart.’ They dis- 
covered that judgments of which was heavier were more often right than wrong, 
though made with no confidence whatsoever. 

In 1898, Sidis reported four series of experiments.‘ In the first series he was S, 
using only his right eye, which was amblyopic. Nevertheless he guessed correctly in 
71.5% of the cases whether a character presented was letter or figure, so that his 
results were 21.5% above chance. In the second series, he guessed both whether 
the object was letter or figure and also what the specific figure was, with successes 
well above chance. In the third series, he got like results from Ss with normal vision 


* Accepted for publication April 25, 1939. 

*The author is indebted to Professor Edwin G. Boring for his constant advice 
and assistance. He presented a preliminary report of this research to the Society 
of Experimental Psychologists on April 7, 1938. The apparatus used in this study 
was purchased by a grant-in-aid by the Maria E. McMaster Fund for Psychic Research. 

?M. Suslowa, Veranderungen der Hautgefiile unter dem Einflusse electrischer 
Reizung, Zsch. f. Rationelle Med., 18, 1863, 155-160. 

*C.S. Peirce and J. Jastrow, On small differences in sensations, Mem. Nat. Acad. 
Sci., 3, 1884, 73-83. 

*B. Sidis, The Psychology of Suggestion, 1898, 1-386, 
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when the cards bearing the characters were held at such a distance that the Ss said 
they could not differentiate the characters. In the final series, proper names on cards 
held at a like distance were distinguished better than chance. Sidis stated that “‘all 
these experiments tend to prove the presence within us of a secondary subwaking 
self that perceives things which the primary waking self is unable to get at.’* 

In 1900 Dunlap used a modification of the Miiller-Lyer illusion in which the 
angular lines were subliminal shadows.’ He found that the illusion was present but 
slight. In 1904 he reported that Ss perceived the interruption of inaudible sounds.” 
Titchener and Pyle repeated Dunlap’s experiment with the Miiller-Lyer illusion, 
and reported opposite results in 1907.* They added further that they could not find 
any correlation between the degree of imperceptibility of the arrow heads and the 
strength of the illusion. Manro and Washburn in 1908 made cards of the Miiller- 
Lyer illusion with inked horizontal lines and lightly pencilled arrows.° Following 
Sidis’s procedure, the stimuli were held at such a distance that the pencil lines were 
not visible. Of ten Ss, eight got no illusion, and two got some. The authors made 
the questionable conclusion that these results confirmed those of Titchener and Pyle. 
At about the same time Stroh, Shaw, and Washburn” carried on modifications of 
Sidis’s experiments. With slightly better control they repeated his letter differentiation 
experiment, and also whispered the letters subliminally. All the results corroborated 
Sidis and indicated subliminal perception. 

Perky’s experiment, in 1910, bears an indirect relation to this problem, and also 
to the procedure reported in this paper.“ She was trying to discover whether sub- 
jective images and objective presentation could be differentiated. She told the Ss 
to imagine certain objects and to project them on a ground glass screen which was 
in front of them. At the same time, unknown to them, she projected these images 
on the screen from behind at a supraliminal intensity (the limen was determined 
at the end of the experiment), but each S thought he saw only subjective images. 
He was receiving visual stimulation above his normal limen, but he was unaware 
of it. 

In 1913 a student of Hollingworth’s carried on an experiment using essentially 
Manro and Washburn’s procedure, and found that 17 out of 20 Ss got the illusion” . 
The results were interpreted to indicate wide individual differences of susceptibility 
to the suggestion of illusion. In 1916 de Laski reported on the basis of experiments 
that: “It seems certain that subliminal separations of the aesthesiometer-points are 
discriminable. . . . Discrimination appears to be based not upon length (quantitative) 


* Sidis, op. cit., 171. 

*K. Dunlap, Effect of imperceptible shadows upon the judgment of distance, 
Psychol. Rev., 7, 1900, 435-453. 

"Dunlap, Some peculiarities of fluctuating and inaudible sounds, Psychol. Rev., 
11, 1904, 308-318. 

°E. B. Titchener and W. H. Pyle, Effect of imperceptible shadows on the judg- 
ment of distance, Proc. Amer. Phil. Soc., 46, 1907, 94-109; also this JOURNAL, 18, 
1907, 388. 

°H. M. Manro and M. F. Washburn, Effect of imperceptible lines on judgment 
of distance, this JOURNAL, 19, 1908, 242. 

* M. Stroh, A. M. Shaw and M. F, Washburn, A study in guessing, ibid., 243- 
245. 

™C. W. Perky, An experimental study of imagination, ibid., 21, 1910, 422-452. 

”H. L, Hollingworth, Advertising and Selling, 1913, 229-232. 
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but upon form (qualitative) ; for the percentage of accuracy does not vary with the 
difference between the two stimuli. Moreover, we do not find any progressive effect 
of practice.” In 1917 Coover performed a well-controlled experiment based on 
Sidis’s procedure and found that subliminal stimuli exert a positive effect on verbal 
behavior.“ Friedline, working on de Laski’s general problem, obtained results which 
she held to show an “extreme delicacy of discrimination” between various cutaneous 
patterns below the level of the two-point esthesiometer limen.” 

In 1931 Bressler constructed a Miiller-Lyer illusion with Hering gray papers, 
making the arrows of grays less than one jnd. different from the background.” He 
reported: “We found that the Miiller-Lyer illusion is effective in evoking a response 

even when the arrows are so faint that they are not visible to the observer. . . . The. 
magnitude of this response varies directly with the strength of the stimulus.’ Pre- 
suming that these results are the most recent on the problem of the Miiller-Lyer 
illusion, the score at present may be figured to stand at approximately three to one 
gainst Titchener and Pyle, with one tie. 

Recently two experiments in many ways like the one reported in this paper have 
been carried out. Baker in 1937 used both auditory and visual modalities.” In the 
auditory he had the Ss distinguish between subliminal dots and dashes; in the visual, 
between subliminal perpendicularly crossed lines in the ‘plus’ and ‘multiplication- 
sign’ positions. He summarized his results as follows: “‘(1) Evidence in both the 
visual and auditory modalities, from the results of all subjects combined, and in 
the case of each individual subject, gives strong grounds for the conclusion that 
conscious verbal behavior is influenced by stimuli which are below the conscious 
judgment threshold. (2) It follows that the physiological thresholds are not coinci- 
dent with, but are lower than, the thresholds of conscious judgment. (3) Evidence 
in both the visual and auditory modalities, and from all of the subjects used, gives 
strong grounds for the conclusion that the influence of the subliminal stimuli is a 
function of the intensity of the subliminal stimulus.’’” 

The latest work of this sort is that of Williams reported last year.” Interested 
in the effect of subliminal cues upon Rhine’s extra-sensory ‘perception, he projected 
from the rear three figures (circle, triangle, square) upon a ground-glass screen. 
He presented these figures 594 times to 11 unexperienced Ss in a prearranged order, 
showing each figure an equal number of times. They were projected at an intensity 
below the limen as determined by the method of limits. He then chose the 4 Ss 
with the highest scores for a seccnd experiment. To each of these he represented 8 


*E. de Laski, Perceptive forms below the level of the two-point limen, this 
JOURNAL, 27, 1916, 569-571. 
; Coover, Experiments in Psychical Research a Leland Stanford Junior 
University, 1917, 1-641. 
es oe Friedline, Discrimination of two cutaneous patterns below the two-point 
limen, this JOURNAL, 29, 1918, 400-419. 
p: Bressler, Illusion in the case of subliminal visual stimulation, J. Gen. 
Psye ol., 5, 1931, 244-250. 
™ Bressler, op. cit., 250. 
eg Oe | f Baker, The influence of subliminal stimuli upon verbal behavior, J. Exper. 
Psychol., 20, 1937, 84-100. 
® Baker, op. cit., 98-99. 
>A.C. Williams, Jr., Perception of subliminal visual stimuli, J. Psychol., 6, 


1938, 187-199. 
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series of 27 figures each at different levels of subliminal intensities, and then 108 
control figures at zero illumination. He had the Ss report the degree of confidence 
with which they guessed what the figure was: 1=seen clearly; 2—=with doubt but 
with something seen; 3==a pure guess with nothing seen. In tabulating the results, 
only figures below the limens which gave rise to ‘3’ judgments were considered. 
All the results were well above chance frequency, except in the control experiments 
with no illumination, when the results were at chance frequency. E reported that “in 
no case could any relationship between the number of hits and the intensity of the 
stimulation be discovered.”™ 


TERMINOLOGY AND PROBLEMS 


The present experiment has the purpose of investigating several questions 
of subliminal perception. In order to state these problems carefully, three 
terms must be defined. 

The phrase verbal report will be used in this paper to indicate the sheer 
use of the vocal cords to produce a certain recognizable sound. The sounds 
which will be employed are ‘circle, square, plus, star and wave, but they 
might just as well be one, two, three, four and five, or ay, eee, eye, oh and 
000. Before any sounds are used, it must be arranged that they are associ- 
ated with the five proper geometric figures, and this is assured with Ss who 
speak English if the words circle, etc., are used. Except for the fact that 
five sounds produced by the vocal cords are used rather than five keys, 
‘verbal report’ is in all ways the same sort as manual. 

Awareness will be indicated by another use of verbal behavior, however. 
The meanings which the words symbolize and the syntax of the sentences 
in which the words occur will be considered. When the S says “I see a 
circle” or “I see a wave” or “I see a flicker of light,” these will be con-— 
sidered statements of awareness. If he is unwilling to say “I actually see a 
circle,’ then he is unaware of a circle. 

Discrimination in this experiment will be used to indicate that the S is 
showing characteristic differentiated behavior for one or more of five 
figures. 

The six problems investigated in this experiment are: 

(1) Can Ss who are entirely unaware that they are taking part in .9 
experiment in visual perception nevertheless perceive? 

(2) Under these conditions is there a relation between the strengt’. of a 
purely subliminal stimulus and the correctness of perception ? 

(3) Are the limen of awareness and the limen of discrimination equiva- 
lent ? 

(4) Does passing above the limen of awareness have any effect on dis- 


* Williams, op. cit., 195. 
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criminatory action? (J.e. 1s discrimination of which the S is unaware, 
merely because he is unaware of it, different from that of which he is 
aware, as certain clinicians maintain?) 

(5) Does the change of set produced by explaining to S that he is per- 
ceiving alter his limens? 

(6) Are there other behavioral results from explaining to S that he is 
perceiving ? 

APPARATUS AND PROCEDURE 


—.__Apparatus. The arrangement of the experimental rooms is diagrammed in Fig. 1. 


S$ entered Room 2 through the door at the left. The room was painted black and was 


illuminated by a 25-watt bulb shaded from the eyes of the S as he sat at G, which 


Fic. 1. DIAGRAM OF THE APPARATUS 
A, soundproof exposure apparatus; B, electric bulbs; C, lens; D, transparent mirror 
set in wall; E, pulley system for remote control of exposure apparatus; F, wiring 
for illumination of cards in exposure apparatus; G, S’s chair; H, 4-ft. screen between 
E and S; J, control wheel for exposure apparatus; K, variac in illumination circuit; 
L, end of periscope system; M, signal bell; N, E’s chair; O, path of light to S; 
P, path of light through periscope system; 1, 2, 3, 4, separate rooms. 


was his position throughout the experiment. Apparently on the wall in front of 5 
was an 8 x 10-in. mirror. This, however, was actually not on but in the wall, and 
was in fact a transparent mirror, which could transmit light from behind although 
it appeared like a regular mirror from the front. In Room 1, of which the ‘naive’ 5 
had no knowledge, was a card-exposure apparatus (A) in a soundproof box with a 
glass window facing S. It was made to hold 200 cards, each bearing one of the 
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five geometric figures of Rhine’s test for extra-sensory perception: circle, plus, square, 
star, wave. These cards were shuffled in chance order in a shuffling machine before 
they were put into the machine. E, who sat at N, could by the wheel (J) on his 
control board silently expose these cards one by one. S had no knowledge of this 
set-up, for the control board was hidden from him by the screen (H), over which 
E might, however, see him, and the connections between J and A went through an 
attic (4) of which S had no knowledge. 

The light reflected from the card exposed in the machine at any one time was 
caught in the lens (C) and the image was focussed on a milk glass just behind the 
transparent mirror (D). If the illumination on the card was high enough, its 
image, approximately 6 by 6 in., was visible on the mirror. The illumination on the 
card was supplied by a circle of bulbs (B) around the lens. The illumination could 
be varied by E by means of the variac (K) on his control board. Since, during the 
experiment, the image on the mirror was not strong enough to be visible, a periscope 
system was set up which reflected the image of each card through Room 4 to the 
mirror (L) on E’s control board. The path of this light is indicated in Fig. 1 by a 
short-dashed line (P). The long-dashed lines (O) indicate how the light from the 
card passed to S through the mirror. M represents a bell which E rang with his foot 
to signal S. 

Subjects. Essentially three different experiments were performed, Experiment A 
employed 5 naive Ss, undergraduates in a beginning course in psychology. They 
knew nothing of the set-up, and thought, until the experiment was ended, that it 
had to do with clairvoyance rather than visual perception. Experiment B was identical 
with Experiment A, except that it was performed on 5 sophisticated Ss, one pro- 
fessor of Psychology, 2 graduate students in psychology, and 2 seniors in psychology. 
They had all had some experience as Ss in visual experiments; one had had 30 
hours of such work, and another many times that. In Experiment C, 5 Ss went 
through the procedures of both Experiments A and B with certain variations. The 
Ss were 5 students in a beginning course in psychology who performed the experi- 
ment as naive Ss, and then repeated it after hiving had its purposes and the ap- 
paratus explained to them. 

Experiment A, The following procedure was followed with 5 naive Ss, who will 
be referred to as A, B, C, D, and F. Several days before the experiment the Ss were 
shown a pack of the ESP cards and were told about the experiments in clairvoyance 
developed by Rhine and his co-workers.” They were given several clairvoyance tests, 
and then requested by E to take a more rigorous test in the laboratory. 

When the Ss were taken into Room 2, they were immediately led up to inspect 
the mirror on the front wall. E took ample precaution to see that they had sufficient 
evidence that it was a real mirror, being certain that they saw their reflections in it 
and so forth. This, however, was not emphasized so strongly that they had any 
cause to question that it was a regular mirror. They were then seated in S’s chair 
and given verbal directions by E approximately as follows: 

“It is a common procedure in clairvoyance experiments for the subject to gaze 


into a crystal to help him find the answer he wants. This is usually done when the 
subject tries to picture three-dimensional objects. In this experiment, however, you 


”C. E. Stuart and J. G. Pratt, A Handbook for Testing Extra-Sensory Percep- 
tion, 1937. 
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are going to work with the figures on the flat surfaces of ESP cards. I am asking 
you, therefore, to stare into the flat surface of this mirror. All during the experiment 
I wish you to stare into the mirror, and not to move your head or your eyes. You 
may, however, look at the mirror with any part of your eyes that you wish—either 
fovea or periphery. When your eyes tire, tell me, and we shall rest. 

“TI shall now go into the room behind you and sit at the table behind the screen. 
Sitting there I shall expose the cards one by one. When I expose a card I shall 
ring a signal bell. Please stare at the mirror and try to picture one of the five 

on the mirror as approximately 6 x 6 in. in size, that is about one inch from 
either side of the mirror and two from the top and bottom. Report the first figure 
that you picture on the mirror. If you cannot get any cue from the mirror to help 
you, guess one of the figures, but say that it is a guess. 


“Please report also what kind of image you see on the mirror, if you see one; | 


that is, whether it is a memory image, a thought image, an imagination image, an 
hallucination image, an after-image, or an actual physical image. 

“Do not figure that out of every 25 calls you must call 5 of each figure. Though 
an equal number of each figure will be used, the cards are in a large pack, and 
it is quite conceivable that chance may turn up a long run of any figure. Please use 
the following names for the cards: plus, wave, star, circle, square.” 


E was able by watching S’s head at all times to tell if it moved away from the 
mirror, but of course he had to rely on S’s report that he was not turning his eyes 
away from the mirror. The phrasing of the directions naturally led the S to think 
that the cards were being exposed in the room behind his back, especially since E 
carried a pack of the cards in his hand while giving the directions and took them 
back to the room with him when he began to experiment. Careful inquiry at the 
end of the experiment indicated that no other possibility had occurred to any of the 
Ss. 

The various sorts of possible images suggested were not defined for the Ss, 
except insofar as they had learned definitions of the terms in their course in psy- 
chology. The purpose of this question was mainly to discover whether they were 
at any time able to report an actual perception ‘out there,’ or anything which might 
be an actual perception, and also to assess the degree of their certainty that they 
did not see anything. This is a behavioral phrasing of Perky’s problem of objective 
and subjective images. The explanation that a large pack of cards was being used 
was given for the purpose of counteracting a frequent feeling of Ss that they are 
calling too many of one figure. They were instructed to use certain names for the 
figures because in previous experiments Ss were found to use cross for plus, and 
sometimes after long use of the word it was found that they were looking for an 
‘x-shaped’ figure, or a figure with the lower vertical arm elongated. It was also 
found that Ss tend to use wavy lines for wave. This emphasizes the wave over the 
other figures by using two words for it, and the figure is probably overemphasized in 
the minds of the Ss because it is not a common geometrical figure. Each S swore 
himself to secrecy for the duration of the experiments in order that the naive Ss 
might remain naive. 

The cards were exposed; the bell was rung immediately after each exposure. At 
first a long run of the cards was made without any illumination at all to be sure that 
S was not gifted with ESP. There were no significant variations from chance in this 
procedure. 

S was then given 5 series of 25 guesses each, at each of the illuminations repre- 
sented by 80, 90, 100, and 110 volts on the variac. These voltages were employed 
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in random order to eliminate possible fatigue effects from the data. The variac 
readings were converted into illumination readings by means of a photometer 3 
yd. from the mirror, and the final results of the experiment are given in terms of 
illuminations in foot-candles. These voltages were chosen because preliminary ex- 
periments with naive Ss showed that they included the significant range. 

After the 500 cards had been exposed, S was carefully questioned as to whether 
he had seen any actual physical images in the mirror. His words were written down 
and he was asked to sign them. Then S was allowed to discover for himself the 
nature of the mirror by raising the illumination to whatever brightness was necessary 
for him to realize that he was actually seeing a physical image on the mirror-screen. 
The illumination at which he first realized this fact was recorded. This illumination 
was taken as his limen of awareness as a naive S. The whole apparatus and purpose 
of the experiment was then explained to S, and his comments were recorded. 

Finally S’s limen for each of the five figures was determined by the method of 
limits. For each of the figures the illumination was increased from zero at a con- 
stant slow rate until he reported that he saw it. The illumination was then raised 
to maximum and decreased until he reported no longer seeing it. This procedure was 
repeated 5 times for each figure with a rest period before each trial. The average 
of the 5 ascending and the 5 descending trials was taken as his limen for that figure, 
and the average for all the figures was taken as his limen of awareness in a 
sophisticated state. 

Experiment B. This procedure was repeated for the five ‘sophisticated’ Ss who 
understood the purpose of the experiment and the apparatus. They will be called 
a, b, ¢, d, and f. They were given 500 trials each, 125 at each of four voltages, but 
these were taken as 60, 70, 80, and 90 volts instead of the higher voltages, because 
preliminary experiments with sophisticated Ss indicated that these lower voltages 
included the significant range for them. After each trial they reported whether they 
actually saw anything on the mirror or not. For them the limen was determined in 
the same way. 

Altogether, in Experiments A and B, 5000 cards were exposed and the com- 
ments on each were recorded. Ss were at no time told how well they were doing. 

Experiment C. Both Experiments A and B were carried through with five origi- 
nally naive Ss (1, 2, 3, 4, and 5) in this procedure. Each, however, was given 
only one set of 25 cards, but at each voltage from 60 to 110 in steps of 10 volts. 
The limens and the point at which the figure was first seen as a real physical image 
were noted, as above, and then the apparatus and purpose were explained. The 
procedure was then repeated for them as sdphisticated Ss. Fifteen hundred more 
cards were exposed in this experiment. 


RESULTS 
The data for Experiments A and B are summarized in Table I. In any 
case where there was a report that an actual physical image was seen 
(there was no such report in Experiment A), that case was eliminated from 
the data, and the remaining cases of the run prorated as if for 25. 
Since no datum is included in Table I which was given at a time when 
the S was not perfectly certain he did not see an actual physical image on 
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TABLE I 
Resutts or Expermments A AND B 
Number correct out of 125 calls at Limen of awareness 


80 v. . OV. I10V. soph.S naive S 
15 27 34 93-2 128 
26 69 114 100.6 125 
30 33 45 90.8 130 
22 26 27 91.3 138 
29 49 62 107.3 138 


24. E 40.8 56.4 96.6 


20 32 125.2 
22 28 105.8 
28 43 97-7 
31 26 92.3 
30 40 108.4 


26.2 105.9 


Experiment Experiment A 


A 


SOPHISTICATED 
A 


3 
3 
5 
i 


8 


8 


VOLTS 


8 FOOTCANOLES OS 


ILLUMINATION 


Fic. 2. INDIVIDUAL SCORES OF Ss IN EXPERIMENTS A AND B. 


the mirror, all cases in the table are definitely below the limen of awareness. 
The illumination intensities at which these curves are becoming asymptotic 
to the chance line of 25 out of 125 make it obvious why the illuminations 
used were chosen, The average curves for both groups of Ss are definite 
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in their trends, with no inversions. The individual scores show 5 inversions 
totalling 16 points, or an average of 3.2 points. The individual scores for 
these 10 Ss are graphed in Fig. 2. 

The data of Experiment C are summarized in Table II. 


TABLE It 
Resutts or C 
Number correct out of 25 calls at 


3 


Sophisticated 


Total 


In order that truly naive Ss might be used, who knew nothing of the 
experiment or of the type of psychological procedure, and who would be 
willing to accept the explanations concerning clairvoyance without skep- 
ticism, the 5 unpracticed Ss were chosen. To give the problem as careful 
a test as possible, however, 5 Ss with more experience were also used. 
It seemed improbable that the same Ss could serve both functions, even 
with a good deal of practice and training, so separate sets of Ss were used | 
for Experiments A and B. This procedure might well give rise to the 
criticisms, however, that an artifact had been introduced, that the limens 
of two groups would not be comparable, and that their difference would 
not be significant. In order to make certain of these points, Experiment C 
was performed as a check, using the same 5 Ss in both naive and sophisti- 
cated capacities. The results are graphed in Fig. 3 on the same scale with 
the average results from Experiments A and B, in order to show that Ex- 
periment C is significantly comparable with A and B. This result also shows 
that no artifact was inserted into the results by the choice of different volt- 
ages for the two types of Ss. In Experiment C the Ss in both naive and so- 
phisticated capacities were given all voltages from 60 to 110. 

It is conceivable that the use of five figures with different limens may 
have introduced a source of statistical error into the experiment. If it is 


60 v. mv. 80 v. go v. 100 v. 110 Vv. 

I 3 3 8 4 6 15 

me 2 6 10 5 3 7 13 
z 3 6 ” 5 6 3 6 
Z 4 5 3 4 5 9 10 ‘ 
5 6 5 6 7 5 8 
Total 26 28 28 25 30 52 j 
I 8 II 6 12 21 21 
2 3 4 6 6 13 7 

3 4 5 12 6 II 15 
4 6 3 6 18 II 20 
5 4 10 6 6 7 12 3 
a 25 33 36 48 63 75 : 
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true that the circle is the best figure,?* then it is probable that it can be 
seen at a lower intensity than, say, the wave. There is later evidence con- 
trary to this position of the Gestalt school,®* and it is interesting to note 
from Table III in passing that our data corroborate the first position. 


TABLE III 


Numser oF Times THE DirrERENT Ficures Were CorrecTLy ReporTeD 
AT THE DIFFERENT VOLTAGES 


Sophisticated Ss Naive Ss 


. IOOV. IIOV. 
72 
62 
42 
67 
39 


282 


Although all the figures were presented an equal number of times, it 
might have been possible that a preponderant number of the figures with 
higher limens were presented at the lower voltages and those with lower 
4 
VE SUBJECTS, EXPERIMENT A 


waive SUBJECTS, ExPERMENT C 
= SOPHISTIKATED SUBJECTS, EPERMENT B 


3 


O— — SOPHISTICATED SUBJECTS, EXPERMENT C 


8 


190 


ILLUMINATION 


Fic. 3. AVERAGE SCORES OF NAivE Ss IN EXPERIMENT A AND OF SOPHISTICATED SS 
IN EXPERIMENT B, AND TOTAL SCORES OF Ss IN EXPERIMENT C, 


limens at the higher voltages, and that this was the real cause for the rise 
of correct calls with voltage. One answer to this criticism is that an actual 
count of the number of each figure presented to each S at each voltage shows 
no significant variation from chance. Another answer is Table III, which 


**W. Kohler, The problem of form in perception, Brit. J. Psychol., 14, 1924, 


268. 
™*H. Helson and E. V. Fehrer, The réle of form in perception, this JOURNAL, 


44, 1932, 79-102. 


q 6ov. 7ov. 80v. gov. 80v. gov 
i Circle 29 26 44 58 32 40) 356 
Plus 28 38 32 58 260 328 
Square 2403 281 
Star 21 30 293 
Wave 14 19 19 14 168 
} Total 131 146 169 222 122 150 204 
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shows the data for Experiments A and B fractionated for each figure. It 
indicates that with only 4 inversions, averaging 3.75 points, the number 
of correct calls for each figure rose with the voltage, and that in all cases 
curves for sophisticated Ss were well above those for naive. 

The results yielded two other indications that discrimination can go on 
without awareness. In Table IV are listed the average limens for each 


TABLE IV 


Averacg Limens ror EACH OF THE FIGURES FOR THE SOPHISTICATED Ss TOGETHER WITH 
Correctty Reportep 
Figure Limen (volts) Number correct 
356 
328 
281 


293 
168 


* The limen for squares was higher than that for stars in the cases of 40% of the Ss. 
The sudden jump to 67 stars at 110 volts in Table III is the cause for the inversion in the last 
column of Table IV. 


of the five figures for the sophisticated Ss, and beside them the number 
of times the figures were called correctly out of all the times presented. The 
table shows that the higher the limen, the fewer the correct calls—a clear 


case of visual discrimination, though all Ss definitely reported in all cases 
that nothing was visible in the mirror. 

We find in Table V another corroboration of the acceptance of un- 
reported visual cues by counting the number of times images were reported 
projected (by the naive) or actually seen (by the sophisticated) for each 
voltage. As the voltage and illumination rose, the numbers reported rose. 


TABLE V 
Numser or Trwes maces WerE ProjecTep OR ACTUALLY SEEN FOR Every VOLTAGE 
Naive Ss* Sophisticated Ss 


Volts Number projected Volts Number seen 
80 138 60 23 


go 147 7° 22 
100 158 80 31 
110 200 go 42 


* Among the naive Ss, D projected or pictured an image every time, F, never; both are 
omitted because they cancel fst out. 

When deviations from chance are used to indicate the presence of a 
phenomenon, like discrimination in this case, it is convenient to know what 
are the probabilities that the results could have come by chance. The 
chi-square and Pearson’s P are conventionally used to indicate this sig- 


Star 106.7 
Wave 118.8 |_| 4 
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nificance. In order to make these computations as certain as possible, they 
were made only for trials that fulfilled two criteria: (1) they must be 
below the lowest limen found by the method of limits for any S$; and 
(2) they must include both naive and sophisticated Ss. The runs at 80 and 
90 volts fulfilled these criteria. For 80 volts the chi-square value was 18.95. 
" Since these data have 16 degrees of freedom, this gives a P-value of about 
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Fic. 4. COMPARATIVE FUNCTIONS OF DISCRIMINATION AND OF AWARENESS FOR 
SOPHISTICATED AND NAivE Ss. 


The solid lines are derived from the data of this experiment; the dotted lines are 
extrapolations. OPDs, onset point of discrimination for sophisticated $s; OPDy, 
onset point of discrimination for naive Ss; OPAs, onset point of awareness for 
sophisticated Ss; OPAwn, onset point of awareness for naive Ss; LDs, limen of 
discrimination for sophisticated Ss; LDy, limen of discrimination for naive Ss; 
LAs, limen of awareness for sophisticated Ss; LAn, limen of awareness for naive Ss. 
The “50-percent. line” represents _— of the distance between the chance-line 
and 100%. 


0.3, meaning that 7 cases out of every random 10 would give results nearer 
the chance line than these. For 90 volts the chi-square value was 107.68, 
which gives a P-value of less than 0.001, meaning that more than 999 cases 
out of every random 1000 would be nearer chance than these data. 

One other part of the protocols is of interest. Every one of the naive Ss 
spoke of his surprise on seeing figures he had been unable to perceive, 
when the experiment was explained at the end of the procedure. A said: 
.“I was positively amazed when the set-up was explained to me.” B: “‘I was 
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very surprised when I saw it.” C: “I was very, very surprised in finding 
thete really was a physical image there.” D- ‘I was very much surprised at 
the set-up.” F; “I am surprised it [the apparatus} was there.” Observers 
watching the experiment were continually astonished that the naive Ss 
did not see the images at the higher voltages. An experienced sophisticated 
S (6), after discussing the experiment with other psychologists, declared: 
_ “T could not get that group to feel as surprised as I about the effect of cues 
that refuse to be available to introspection. Apparently my attitude is due 
to the fact that I was a subject.” 


DISCUSSION 


Let us consider the significance of the results in terms of Fig. 4. Here 
average curves for the sophisticated and for the naive Ss are plotted, 
showing the results obtained for the functions of discrimination and of 
awareness. The two discrimination curves are extrapolated upward and 
downward beyond the points determined by the data of this experiment, 
as indicated by the dotted lines. These functions are theoretically asymp- 
totic to the ‘chance line’ of 20% correct calls, because there can be no 
positive evidence for discrimination except above this line. Actually the 
functions are tangent to the line at a certain point which can be approxi- 
mated by extrapolation. This may be called ‘the point of onset’ of the func- 
tion. Extrapolation of the curve of discrimination for naive Ss downward 
on the basis of the-data of Experiment C makes it apparent’ that the point 
of onset of discrimination for naive Ss (OPDy) is somewhere between 
60 and 70 volts. The data do not indicate the point of onset of discrimina-_ 
tion for sophisticated Ss (OPD,), but downward extrapolation indicates 
that the region would be about 30 or 40 volts. 

The locations of liminal points on these discrimination functions are 
based dn the following assumptions. These curves are essentially the lower 
halves of two ogives such as represent the results of the method of constant 
stimuli. They are psychometric functions rising with the illumination. The 
limen is conventionally taken to be the point where the curve intersects the 
50%-line. Since, however, chance would in our experiment give 20% cor- 
rect calls, we must take the half-way point of the distance between 20% 
and 100%. This is the 60%-line. The data cannot be extrapolated further 
to show the upper halves of these two ogives. 

The data from the determination of the limens of the sophisticated Ss 
by means of the method of limits are the basis of the curve of awareness 
for sophisticated Ss. In constructing this curve, use was made of Urban’s 
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proof? that the results of the method of limits are consistent with the 
results of the method of constant stimuli, and that they can be plotted simi- 
larly; that is to say, the average of the least-perceptible value with the 
greatest-not-perceptible should be the value as often as not perceptible 
(50%). In this curve the percentage of the total number of trials in the 
liminal determinations in which the figures were just seen or just not seen 
at each illumination was added to the sum of the percentages for all the 
lower illuminations. The ogive thus obtained indicated that the point of 

“—~onset of awareness for sophisticated Ss (OPAg) was slightly above 70 volts, 
Only the lower part of this ogive is plotted. The limen of awareness for 
sophisticated Ss (LAs), then, is at 50% correct calls, halfway between 0% 
and 100%. 

Actually in the calling of the cards, all the cases where S reported being 
aware of an actual physical image were omitted from the results tabulated 
and the curves plotted. Each datum used in determining the locus of the 
functions of discrimination in Fig. 4, therefore, was in a sense subjected 
to a liminal judgment by S, who reported that he was unaware of it. As 
the experiment was conducted, then, no part of the function of awareness 
for either group of Ss lay at a lower voltage than any part of the function 
of discrimination for that group. The functions of awareness in Fig. 4 are — 
plotted as they are for the averages of groups of sophisticated and naive Ss, 
and not as they were in the special conditions of the experiment, where the 
cases were selected in such a manner as to give the problem under consider- 
ation the most rigid possible test. 

The limen of awareness for naive Ss (LA) was found by raising the 
illumination at the end of the experiment until the naive Ss first saw an 
actual physical image. The average for all Ss was found to be 132 volts. This 
limen was put at the same level as that for sophisticated Ss because it is an 
analogous limen. Admittedly it cannot be carefully determined by the 
technique used, for it can be tested only once for every naive S, because 
as soon as it is reached, S is ipso facto no longer naive. Admittedly it is 
subject to error as it gives only the value for the least-perceptible inten- 
sity, and does not average it with the value for the greatest-not-perceptible. 
Moreover, the § may be constrained from speaking because he cannot 
believe an image would be there. (This point may seem to beg the 
question from a strictly behavioral point of view, because the limen is taken 
as the point at which S speaks, no matter from what causes. But what if 


FM. Urban, On the method of just perceptible differences, Psychol. Rev., 14, 
1904, 244-253. 
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as soon as he has spoken he says, as did one S, “I was aware that a figure 
was there before I spoke, but I could not believe it until it got brighter” ?) 
Undoubtedly these factors tend to raise the readings for the limen higher 
than they should be, but the figures for the determinations of the LAg indi- 
cate that the total effect of all these factors is less than 10 volts. 

The curve of awareness for naive Ss is plotted parallel to that for 
sophisticated Ss because it is a similar function, and because the experi- 
ment gave no data concerning it, except the point of the limen. To allow 
for the errors considered in the preceding paragraph, the curve at the 50% 
locus was made to pass through an illumination slightly lower than that 
determined by this experiment. The point of onset of awareness for naive 
5s (OPAy) is found to be about 95 volts. 

Fig. 4 illustrates, therefore, how for each group of Ss the psychometric 
function for discrimination lies at lower intensities than the psycho- 
metric function for awareness. 

The figure also shows that the limens and the psychometric functions 
of both awareness and discrimination are displaced to lower illuminations 
by sophistication. This shift was not due merely to a sharpening of atten- 
tion when the naive Ss first became aware that actual physical images were 
appearing on the mirror. The Ss knew for what shapes they were looking 
and what size they would be, yet could not ‘see’ them. Once they had per- 
ceived them, the figures could be reported with less attention. 

Why this displacement occurred suddenly with the first statement of 
awareness of an actual physical image is to the writer the most important 
question of the whole experiment, because its answer indicates something 
about the nature of unaware behavior and also hints at an operation which 
is dependent on the passage of acts from unawareness to awareness. The 
change of limen in the process of sophistication is sudden and complete. 
It was undoubtedly a change of set, attitude or motivation, because as soon 
as the first actual physical image had been reported seen, the limen of 
awareness went down from 132 to 100.5 (for Experiments A and C), and 
the whole curve was displaced—S was sophisticated. § could now see what 
he could not see before, and he was surprised he had been unable to see 
it before. 

This exclamation of surprise may well be a behavioral event caused by 
the organism’s becoming aware of a stimulus which has been acting upon it. 
Surprise may be an indication that some part of the environment which has 
been supposed to be of a certain character turns out not to be. Such sur- 
prise has been reported before in the literature. Perky, for instance, noted 
that, when at the end of the experiment the S was asked whether he was 
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“ “quite sure that he had imagined all these things,’ the question almost 
always aroused surprise, and at times indignation.”** Again she said that, 
when the images she used were shown to a number of students in the de- 
partment of psychology and to some psychologically competent visitors, 
and, they were told that the Ss had not known they were objective physical 
images, “every one of these observers showed great surprise; most of 
them ‘would, of course, take our word’ for the facts, but could hardly 
credit them; a few remained entirely increduldus—‘we asked them to 
“believe too much’.”*? Newhall and Sears, speaking of conditioning finger - 
retraction to visual stimuli near the absolute threshold, say that ‘‘a sophisti- 
cated subject was surprised to learn that he had made three conditioned 
responses when he thought his finger had not moved during any of the test 
trials of the session.’’?° 
SUMMARY 

This experiment has shown: (1) That S can ‘discriminate’ intensities too low 
for him to be ‘aware’ of them. 

(2) That there are at legst three perceptual conditions: (1) when S$ cannot 
discriminate the stimulus; (2) when he can discriminate it but is not aware of it; 
(3) when he can both discriminate and be aware of it. For this reason we cannot 
equate awareness and discrimination. 

(3) That the correctness of the perception of a subliminal stimulus varies with 
the strength of the stimulus. This rule holds for both naive and sophisticated Ss. 

(4) That the range of illumination in which the psychometric function for aware- 
ness lies can be affected by attitudinal factors or motivation (in this case, a knowledge 
of the experimental set-up), but that the psychometric function for discrimination 
changes correspondingly. 

(5) That behavior of surprise brought about by explanations that the S is re- 
ceiving external stimulation is caused by the consequent awareness of discrimination, 
and may be regarded as an operation indicating awareness of discrimination. 


*C. W. Perky, An experimental study of imagination, this JOURNAL, 21, 1910, 


* Perky, op. cit., 433. 
S$. M. Newhall and R. R. Sears, Conditioning finger retraction to visual stimuli 
near the absolute threshold, Comp. Psychol. Momog., 9, 1933, 11. 
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HIGHER ORDER CONDITIONING 


By W. J. BroGcpEN, Johns Hopkins University 


Pavlov states that conditioned salivary responses based upon food cannot 
be established beyond the second order (experiments of Frolov), whereas 
conditioned defense responses based upon shock cannot be established 
beyond the third order (experiments of Foursikov).1 Finch and Culler 
report that conditioned motor responses can be established up to five 
orders, and presumably to any desired order, by the use of a general ener- 
gizing stimulus (thoracic shock).? These authors attribute Foursikov's 
inability to obtain conditioning beyond the third order, to failure of main- 
taining adequate “motivation” in the animal rather than to any inherent 
difficulty in the problem itself. The thoracic shock which they used 
(neither an unconditioned stimulus nor a conditioned stimulus for the 
motor response) provided the incentive or motivation needed to keep the 
animal responding to the higher order stimuli. They liken the function of 
the thoracic shock in the dog to the ordinary social incentives in everyday 
human learning. 

Pavlov further states that the second order of the salivary conditioned 
response is definitely weaker than the first; in defense reactions, the third 
is weaker than the second, which in turn is weaker than the first. Brogden 
and Culler,* after conditioning animals to four orders by using the same 
technique as Finch and Culler, measured the relative strength of the 
orders thus established by the rate of experimental extinction. The first 
order was found to be about four times as stable as the higher orders. The 
higher orders (second, third, and fourth) were equal in the resistance to 
experimental extinction. 

The transfer of a response from one stimulus to another indefinitely 
seems to be a salient characteristic of human voluntary reaction. In view 
of this and the dissimilarity which was encountered in Pavlov’s laboratory 
between higher order salivary responses and higher order defense re- 
sponses, it seemed desirable to repeat the work of Finch and Culler and of 


* Accepted for publication April 14, 1939. This study was carried out while the 
author was a fellow of the National Research Council in the Biological Sciences, 
1936-37. The aid and encouragement given by Dr. W. H. Gantt is deeply appreciated. 

11. P. Pavlov, Conditioned Reflexes, 1927, 34. 

2 Glen Finch and Elmer Culler, Higher order conditioning with constant motiva- 
tion, this JOURNAL, 46, 1934, 596-602. 

*W. J. Brogden and Elmer Culler, Experimental extinction of higher-order 
responses, ibid., 47, 1935, 663-669. 
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Brogden and Culler, usin, food instead of thoracic shock as a constant 
incentive for the higher orders. 


EXPERIMENTAL PROCEDURE - 


Four stimuli were used: (1) an electric doorbell, B; (2) a column of com- 
pressed air directed to the thigh of the left hind limb, A; (3) a 100-watt light, L; 
(4) a 1000 ~ tone, T. It was planned, in order to offset any inequality of the 
stimuli, to have every stimulus represent each order in one of four dogs as shown 

_in the following schema: 


Order 


Animal second 


No. 1 A 
No. 2 L 
No. 3 T 
No. 4 B 

Mongrel dogs, taken from an unselected laboratory stock, were placed in a 
soundproof, light-shielded test-room where pellets of food were delivered auto- 
matically in the food-box at the animal's right. As soon as food was eaten readily, 
training was started. The first order stimulus (e.g. bell) was presented for 2 sec., 
followed immediately by shock to the left forepaw. Twenty-five such stimulus- 
combinations were given daily until a-score of 92% -(23/25) shock-avoiding 
flexions to the stimulus was reached. At the first of the test-period on the next day, 
the second order stimulus was given alone to be certain: of its indifference. Food 
was likewise presented to insure its neutrality for flexion. Once these tests were 
made, the first order and second order stimuli (e.g. bell and air) were given in 
combination (neither shock nor food followed such presentation; shock was given 
only in combination with the first order stimulus). When flexion to this combina- 
tion reached the 92% level, the second order stimulus (e.g. air) was then presented 
without the first order stimulus (e.g. bell), a biscuit of food now being delivered 
after each flexion.‘ No food was given if flexion failed. Once the ‘second order was 
established, the third order stimulus and food were tested separately for indiffer- 
ence to flexion before the second and third order stimuli (e.g. ‘air and light) were 
combined, Food was given after each correct response, both to second and third 
order stimuli alone and in combination. When flexion to‘ the third order stimulus 
reached the criterion of 92% response, the fourth order stimulus (e.g. 1000 ~ 
tone) and food were tested separately for indifference before training to the fourth 
order was started. The fourth order was established in the same way as was the third, 
food following each flexion-response to the stimuli. 

If response at any level broke down, training was given at the next test-period 
on the level just below. For example, suppose an animal were being conditioned to 
the second order, and response to the second order stimulus began to fail. On 
the next day, the first and second order stimuli would be presented together. When 


“All tests were carried out when the animals had fasted for 18-20 hr., in order 
that the condition of hunger might be kept as constant as possible. 


q third fourth 
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the 92% criterion to the combination was reached, training would then begin again 
on the second order. However, if with failure of response to the second order 
stimulus, there followed failure to the first and second order stimuli in combination, 
retraining to the first order would be instituted. Once the first order was built up 
to full strength, training would again proceed as outlined above. 

In brief, shock was applied only with the first order stimulus. Food was the 
incentive for the higher orders, being given after each flexion to any higher order 
stimulus, alone or in combination with another stimulus of the higher order; when 
the first and second order stimuli were combined neither food nor shock was given. 
The higher order responses were elaborated by combining the stimulus of the next 
higher order with the stimulus of the order just established, until response occurred 
to the new stimulus. Both the stimuli and food were tested for indifference for 
flexion before starting the training to the next higher order. At no time did any 
of the animals flex the left forelimb when food was given alone. Nor did they 
respond to any of the stimuli before they were combined with the stimulus of the 
order just established. 

With four orders of conditioning established, each to a response-level of 92%, 
the relative strength of each order was measured by the rate of experimental 
extinction. The first order conditioned stimulus was presented without the pedai 
shock until the criterion of extinction (8% or 2/25) was achieved.’ The second, 
third, and fourth orders were successively extinguished to the same level, food 
being omitted from the test-sequence. After extinction of the four orders, the 
animals were reconditioned by the original procedure. When retraining was com- 
pleted, the four orders were once more extinguished; but now the second order 
was extinguished first, then the third, then the fourth, and lastly the first order. 
The following scheme shows the training and extinction schedule: 


Order of training Order of extinction 
Original training 3 
First retraining 3 4 
Second retraining 4 1 
Third retraining 1 2 


It is clear that each order was extinguished first, second, third, and fourth in each 
dog. 
RESULTS 


In the attempt to establish higher order conditioning in four animals 
(see scheme on page 580), 10 dogs were trained. Of these, only 4 could 
be conditioned to higher orders. No higher order conditioning was ob- 
tained with the stimuli air, light, tone, bell (scheme for Animal No. 2) 
in 3 animals. Two animals were conditioned to the stimuli light, tone, 


* The limits 92% and 8% were used in order to reduce the time involved. If one 
insists on a perfect score at both ends (100% and 0%) with all animals, the time 
may be increased by weeks; a given dog may undulate around 23/25 or 24/25 for 
days without giving a single 25/25. Kelley (Quart. Amer. Statist. Ass., 17, 1921, 
743) has well shown the value of this range (7% to 93%) for statistical purposes. 
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TABLE I 


Resutts ANIMALS Devetopinc Hicner Orper ConpiTionep Responses 
Column 1, test-period; Column 2, stimulus-combination; Column 3, ratio of correct respcnses 
to total trials for test-period, e.g. 24/25 means the animal responded 24 times in 25 trials. 
Animal I 2 I 2 3 
24 4a 15/15 
25 
26 


28 


wo 


29 


I 
I 
2 
3 
4 
5 
6 27 
7 
8 
9 
° 
I 


30 


31 


32 
33 


34 


35 
36 


37 
38 
39 
40 
41 
14 
15 
16 
17 
18 
19 


20 
21 
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1 A 1/6 44 18/18 
BA 19/17 2/7 
A 4/8 45 6/10. 
4 BA 16/16 0/2 
4 A 2/9 46 24/25 
a 1 BA 17/17 47 18/18 
1 A 1/8 3/7 
A 0/4 m BA 19/17 48 3/3 
: 12 BA 16/20 A 1/8 9/19 
A 0/5 m BA 4/10 49 6/25 
13 B 22/25 A o/1 50 9/25 
No. 1 14 B 25/25 B 23/25 51 20/25 
“i 15 BA 9/11 i BA 20/20 52 22/25 
6. 2 25/25 A 4/5 53 24/25 
5/5 m BA 2/2 54 2/2 
= BA 20/20 A 24/25 AL 14/25 
18 BA 19/19 A 0/5 55 AL 21/25 
A 0/6 i BA 16/16 56 AL 24/25 : 
19 BA 19/19 A 3/9 57 AL 4/4 
A 2/6 BA 14/17 L 16/25 
20 13/16 A 2/8 2/25 
] A 0/5 BA 6/6 so AL 13/35 
21 B 24/25 A 11/19 
22 BA 15/15 BA 11/11 61 L 23/25 
A 5/10 A 9/14 Sa EF 22/25 
23 BA 15/15 A 23/24 63 LT 24/25 ' 
A 3/10 A 9/23 eae: 25/25 
AL 1/2 
5/11 BA 2/2 AL 
22/25 A 19/24 o/t 
23/25 A 23/25 24 AL 5/25 
24/25 AL 23/24 AL 
14/15 AL 16/20 0/4 
B 10/10 0/5 2% AL 
No. 7 6 18/25 AL 12/16 L 0/2 
7 20/25 L 0/7 CAL ‘24/24 
8 13/25 AL 18/20 o/t 
9 10/25 L 0/5 28 = AL 18/22 
10 8/25 a AL 19/25 L 1/3 
II 14/25 AL 22/23 29 AL 2/2 
12 25/25 L 0/2 L 19/23 | 
13 23/25 CC AL 23/25 
I 9/15 13 LT 4/10 27 +B 4/5 
2 18/25 T 1/4 B 11/20 
3 23/25 23/25 28 8/25 
4 18/24 0/5 2 19/25 
o/t 23/25 90°. 13/25 
5 19/25 17 LT, 2/20 31 +B 21/25 
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TABLE I—Continued 


3 
3/5 
5/6 
14/19 
20/25 

9/25 
12/25 
21/25 
21/25 
16/25 
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| 


ww 


T 
LT 
L 
L 
T 
T 
T 
T 
T 
B 
B 
B 


60 
61 
62 


bell, air; the second animal was trained when the first died before the 
extinction series was completed. 

In higher order conditioning (where a constant incentive is used as 
motivation for the higher orders), the crux lies between the first and 
second order. Once the response is established to the second order stimu- 
lus, training to the successive higher orders is accomplished with relative 
ease. To pass from the first to the second order, response must first be 
evoked by the first and second order stimuli combined. This is the first 
difficulty, for neither shock nor food can follow the presentation of these 
stimuli; if shock were to follow, the second order stimulus would then 
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Animal 1 2 3 I I 2 3 
T 3/3 34 8/25 
No. 9 eS 11/11 19 35 BA 14/25 
10/14 20 36 14/25 
9: DE 1/1 21 37 BA 12/18 
T 23/25 22 A 5/7 ‘ 
10 TB 0/3 23 38 BA 2/2 
4/10 24 A 16/25 
1/2 25 23/25 39 16/25 
23/25 26 21/23 40 23/25 
2/2 
0/5 21 6/10 42 BA 
18/25 8/15 43: BAS. 
3 L 21/25 22 2/2 44 BA 12/25 ] 
4 L 24/25 21/25 45 BA 8/25 
5 LT  as/as 23 5/5 46 BA 
o/1 16/20 47 9/25 
6 BF 2/10 24 2/5 48 BA 5/25 
19/25 1/5 49 BA 12/25 
8 5 24/25 25 24/25 50 BA 16/25 
13/20 26 2/3 14/25 
4/5 10/22 52 BA 16/25 
Mapas 21/25 27 8/25 53 BA 20/24 F 
7 II L 24/25 28 14/25 A o/1 
11/13 29 19/25 54 BA 17/24 
No. 10 fy 6/12 30 18/25 A o/t 
4... 14/15 31 9/25 55 BA 22/25 
5 8/10 32 14/25 56 BA 19/24 
2/10 33 24/25 A 
23/25 34 23/25 57 BA 10/22 
9/10 35 2/3 A 0/3 
Ei 11/15 22/25 58 BA 15/15 
we EF 4/8 36 18/25 A 9/10 
T 11/17 37 23/25 59 BA 
2/10 38 BA 17/25 A 15/23 
.: 5/10 39 BA 3/25 A 17/25 
19 de 24/25 40 BA 19/25 i A 18/25 
20. 8/10 41 BA 16/25 A 23/25 
T 9/15 q 
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become another first order stimulus; if food were given, the first order 
stimulus would lose its discrete position with regard to shock. Two animals 
failed here. One responded only 3/45 times to the first and second order 


TABLE II 
Days Neepep ror ExtincTION 


The letter in parenthesis after each score gives the position in which that order was ex- 
tinguished. For example; under dog no. 1, row 1, column 2, we read, 4(b). This column is 
headed “air” which in the original conditioning was the second order stimulus, bell being the 
first. In the first of the series of extinctions, air was — second (b) after the bell and 
~~~prior to the light and tone; and 4 days (25 trials each) were needed for extinction. : 


Dog no. 1 


Extinction 1 
Extinction 2 
Extinction 3 
Extinction 4 


Total 
Mean 
S.Em 


Dog no. 7 

Extinction 1 
Extinction 2 
Extinction 3 
Extinction 4 


Extinction 3 
Extinction 4 


Total 
Mean 
S.Em 


stimuli in combination during the 14 days during which this training 
was attempted. The other responded 12/124 times during a training 
period of 33 days. Neither animal came near reaching 92% response 
to the first and second order stimuli, the criterion which had to be at- 
tained before the second order stimulus could be given alone. Once the 


j Order 1 Order 2 Order 3 Order 4 
bell air light tone 
| 10(a) 4(b) 1(c) 1(d) 
| 12(d) 4(a) 2(b) 1(c) 
2(c) 3(d) 3(a) 1(b) 
4 2(b) 4(c) 1(d) 3(a) 
a 26 15 7 6 
2 6.50 3-75 1.75 1.50 
; 2.78 0.25 0.48 0.50 
cs tone bell air light 
2(a) 3(b) 2(c) 1(d) 
ie 2(d) 3(a) 1(b) 1(c) 
4(c) 2(d) 2(a) 2(b) 
4(b) 3(c) 1(d) 2(a) 
Total 12 11 6 6 
d Mean 3.00 2.75 1.50 1.50 
S.E.m 0.58 0.25 0.28 0.28 
Dog no. 9 light tone bell air 
Extinction 1 13(a) 6(b) 1(c) 1(d) 
Extinction 2 9(d) 8(a) 1(b) 1(c) | 
Total 22 14 2 2 
Mean 11 7 I I | 
S.Em 2.00 1.00 0.00 0.00 | 
: Dog no. 10 light tone bell air | 
Extinction 1 16(a) 6(b) 5(c) 2(d) 
Extinction 2 5(d) 2(a) 2(b) 1(c) 
6(c) 4(d) 5(a) 1(b) 
7(b) 2(c) 1(d) 2(a) 
| 34 14 13 6 | 
8.50 3.50 3.25 1.50 
2.53 0.96 1.03 0.28 
( 
( 


' HIGHER ORDER CONDITIONING 585 


criterion of 92% response to the first and second order stimuli presented 
together is. reached, the second difficulty appears. For the response must 
now be evoked by the second order stimulus alone and kept alive. by 
the food which is given at the end of each flexion. The difficulty at 
this stage is twofold. First, there may be failure of response to the second 
order stimulus. Secondly, the flexion response to the second order stimu- 
lus may be replaced by a short-circuiting response to food; at the onset 
of the stimulus, the animal instead of flexing the forelimb, turns im- 
mediately to the food-box in anticipation of food. Three animals failed 
here. One animal responded to the second order stimulus presented 
alone only 9/34 times during a training period of 24 days. A second 
animal responded 9/33 times during a training period of 51 days. The 
third responded 8/19 times during a training period of 15 days. 

Once the second order is built up to the 92% response level, little 
difficulty is encountered in going on to the third and then the fourth 
orders. However, one animal (the only one of the three, committed to 
training with air, light, tone, bell, which showed any evidence of higher 
order conditioning) attained the criterion of response for the second 
order after only 6 test-periods, but in the attempt to go on to the third 
order, the second order response broke down. In 32 days of retraining, 
the second order response could not again be established, so no further 
work with this animal was tried. 

The results of the four animals in which conditioning to the fourth 
order was attained are presented in Table I. In column two, B indicates 
the electric bell-stimulus; A, the air-stimulus; L, the electric light- 
stimulus; and, T the 1000~ sound-stimulus. The stimulus-pattern BA 
indicates that bell and air were presented stimultaneously; AL, that the 
air and light were presented together and so on. The third column 
shows the ratio of responses to the number of times the given stimulus- 
pattern was presented during one test-period. 

The 92% response-criterion was reached in 10 days by Animal No. 1, 
in 6 days by Animal No. 7, in 7 days by Animal No. 9, and in 9 days 
by Animal No. 10 (not given in Table I). Conditioning to the higher 
orders proceeded as has been described and the difficulties mentioned 
above surmounted with more or less ease. ‘The following resume of 
training gives the total number of days on which training to each order 
occurred, both for the individual animals and for the group as a whole. 
Whenever two stimuli were combined, that day of training was counted 
as training for the higher of the two orders represented. 


25 
6.25 
1.37 
It is obvious that the second order was the most difficult to establish, 
~the--first next, then the fourth, whereas the third was the most easily: 
established order. This is contrary to the results obtained by Finch and 
Culler, and by Brogden and Culler, who found a progressive decrease 
in the number of days of training from the first to the fourth order. 
On the other hand the total time required to establish higher order 
conditioning is about the same, whether shock or food be used as in- 
centive for the higher orders. The difference is in the distribution of the 
time required to establish the individual orders. 

Retraining after each extinction took but a short time (1 or 2 days) 
and was about the same for all orders, first and higher. Summing all 
retraining for all dogs, we find that 1 day was required in 24 cases, 
2 days in 11 cases, 3 days in 3 cases, and 4 days in but 2 cases. This 
is similar to the results reported by Brogden and Culler. 

In Table II is given the time of extinction, in days, for each order. 
By summing the scores for each extinction, a measure of the strength 
of the individual order is obtained. Since each order was extinguished in 
every position (first, second, third and fourth) the possible cumulative 
effects of earlier extinctions are roughly factored out. 

There is a progressive decrease in the time required for extinction 
as one goes from the first to the higher orders. The total scores for the 
three dogs (animal No. 9 is omitted since a complete extinction series 
was not obtained) are as follows: 

Order 


first second 
26 15 
12 11 
34 14 13 
72 ‘ 40 26 18 
24 13.33 8.66 6 
6.45 1.20 2.18 0.00 


The first order does not require a significantly greater number of days 
for extinction than the second, nor the second than the third, nor the 
third than the fourth, for in no case is the difference between any two 
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Order 
ng first second third fourth total 
No. 1 20 42 9 Sat 74 
No. 7 8 10 3 15 36 
No. 9 14 17 8 8 47 
No. 10 18 23 5 25 71 
total 
No. 1 54 
No. 7 35 
No. 10 67 
Total © 156 
Mean 52 
S.E.x 9.29 
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successive orders more than twice its standard error (differences re- 
spectively: —10.66, S.E. 6.57; —4.66, S.E. 2.49; —2.66, S.E. 2.18). How- 
ever, the first order requires a significantly greater number of days for 
extinction than does the third and fourth (differences resspectively: 
—15.33 S.E. 6.82; —18.00, S.E. 6.45) and the second order requires a 
significantly greater number of days for extinction than does the fourth 
order (difference: —7.33 S.E. 1.20). There is no relationship between the 
time required to establish any given order and its relative strength as 
measured by extinction. However, the animal (No. 7) which required 
the least training to establish the four orders (36 days) also required 
less time for the extinction series (35 days), whereas Animals No. 1 
and No. 10 who required a longer training time, about equal in each 
case (74 and 72 days respectively), required a longer time for the 
extinction series, again the time for these two being roughly the same 
(54 and 67 days respectively). 


DISCUSSION 


The difficulty in establishing higher order conditioning (with food the 
incentive for the higher orders) is in direct contradiction to the results 
reported by Finch and Culler, and by Brogden and Culler. All of the 
dogs which these experimenters trained (using a thoracic shock as the in- 
centive for the higher orders) became conditioned to the higher orders. 
Whereas, in this study, only 4 out of 10 dogs could be conditioned to 
higher orders. This difficulty must be due to the difference in the in- 
centive for the higher orders. It is characteristic of an incentive, classified 
as a reward, that a given form of behavior must occur before such an 
incentive can act. On the other hand that type of incentive which can be 
classified as a punishment acts when there is failure of a given form of 
behavior. Food can serve as an incentive for the second order response 
only when the animal has made the appropriate response (forelimb flex- 
ion) to the second order stimulus. Even if response does occur to the 
second order stimulus, food is an incentive only when the animal eats. 
The thoracic shock is given when flexion to the second order stimulus 
fails. The shock forces the animal to do something; and since the second 
order stimulus has been associated with the first order stimulus, that 
something is forelimb-flexion. The difficulty in training all dogs to 
higher orders with food the constant incentive is then, in part, due to 
the action of the incentive, a reward. That this difficulty is not en- 
countered when the thoracic shock is used as an incentive for the higher 
orders is due to the mode of action of the shock, a punishment. This 
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cannot alone account for all dogs which failed to condition to higher 
orders. For two dogs failed to respond to the first and second order 
stimuli in combination. Their failure at this level has nothing whatso- 
ever to do with the incentive for the higher orders. The addition of 
the second order stimulus to the first order stimulus was sufficient to 
cause almost complete failure of response. Further retraining of the 
first order stimulus combined with shock to the forepaw, did not aid 
in obtaining response to the first and second order stimuli in combina- 

tion. These two animals differentiated between the first order stimulus. 
alone, which was followed by pedal shock, and the first and second order 
stimuli which were not followed by shock. On this basis it can be ex- 
pected that some dogs will fail to form higher order conditioned re- 
sponses. 

Once established, higher order conditioned responses motivated by food 
are similar to those where thoracic shock is the incentive for the higher 
orders. For after extinction, any given order is reéstablished very rapidly 
(within 1 or 2 days in most cases and no longer than 4 days in any case) 
whether the incentive be food or shock. 

The strength of the higher order responses motivated by food and shock 
differ markedly. Brogden and Culler reported that the first order required 
4 times more days for extinction than any one of the higher orders. The 
higher orders required about an equal number df days for extinction. In 
this study where food was the incentive for the higher orders, the first 
order required 1.8 times as many days as the second, 2.76 times as many 
days as the third, and 4 times as many days as the fourth. The second 
required 1.53 times as many days as did the third, and 2.22 times as 
many days as did the fourth. The third required 1.44 times as many days as 
did the fourth. Neither in higher order responses with thoracic shock 
the incentive nor in higher order responses with food the incentive was 
there any relationship between training-time and resistance to extinction. 
Nor was there any difference in experimental technique between the two, 
except that in one case, shock to the left thorax followed the second, third, 
and fourth order stimuli if there were no flexion; in the other case, food 
followed flexion to the second, third, and fourth order stimuli. The differ- 
ence in results must then be due to the kind of incentive used for the 
higher orders. When thoracic shock is used, the three higher orders are 
equal in their resistance to extinction, requiring one quarter the number 
of test-days to reach the extinction criterion that the first order requires. 
When food is used, the three higher orders all require less time than does 
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the first; the fourth requires less time than the third, and third less time 
than the second. 

At first glance there seems to be a similarity between the present results and 
those reported by the Russian workers. For example: Frolov found that the salivary 
response to the second order stimulus was of less magnitude and of greater latency 
than was the salivary response to the first order stimulus; and Foursikov found 
that the flexion response to the third order stimulus was of less intensity and 
longer latency than that to the second order stimulus, and the response to the second 
order stimulus was in turn of less magnitude and of greater latency than the 
response to the first order stimulus. In the present experiment, response to the 
fourth order stimulus was less resistant to extinction than to the third order stimulus, 
response to the third less resistant than to the second, and to the second less than to 
the first. It must be remembered, however, that in the experiment just reported, 
response to the stimulus of each order reached the 92% level before each extinc- 
tion. The magnitude and latency of the response (though not measured) was 
approximately equal for all orders. In terms of the measures used by Frolov and 
Foursikov the four orders are, therefore, equal in strength. Since neither Frolov 
nor Foursikov subjected their animals to experimental extinction, no other com- 
parisons can be made. 


In view of the difficulties encountered in producing higher order con- 
ditioning in the present case, it would seem wise to review the principles 
involved in the transfer of a given response from one stimulus to another, 
without there being a direct association between the secondary stimuli and 
the original stimulus for the response. Higher order conditioning in the 
Pavlovian sense offers little to our understanding of the transfer of a re- 
sponse from one stimulus to another. Finch and Culler, by introducing an 
incentive for the higher orders, made it possible to generalize to the func- 
tioning of human behavior. They likened the action of the thoracic shock 
to that of social incentives. A response can be transferred from one stimu- 
lus to another indefinitely, if conditions of social approval or disapproval 
supply “motivation” for the higher order stimuli. Since, however, higher 
order conditioned responses could be produced in only 4 out of 10 dogs, 
when food was used instead of shock as incentive for the higher order 
responses, the above generalization breaks down. For food may be analo- 
gous to social approval, and social approval functions as an incentive for 
humans as often as does social disapproval. The weakness in higher order 
conditioning as formulated by Finch and Culler lies in the conditions of 
transfer from first to second order. The first and second order stimuli are 
given in combination, but neither shock to the forepaw (the unconditioned 
stimulus and incentive for the first order) nor food or thoracic shock 
(the incentive for the second and higher orders) follow. There is no in- 
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centive for response to the first and second order stimuli in combination. 
This stage in higher order conditioning is difficult 'to pass and it was here 
that all of the animals in the present study failed. They either differentiated 
between the first order stimulus, and the first and second in combination, 
by responding to the first, and not to the first and second, or failed to 
respond, or respond frequently enough, for the incentive for the second 
and higher orders to be effective. 

Let us suggest an alternative hypothesis to account for the transfer of a 
tesponse from one stimulus to another, when the secondary stimuli are not _ 
directly associated with the original stimulus for the response. The un- 
conditioned stimulus performs a dual réle in the conditioning process.* 
It determines the form of the response; e.g. shock applied to the forepaw 
produces flexion. It provides the incentive for response. The conditioned 
stimulus takes over the first of these functions, that of evoking response. 
The unconditioned stimulus must, however, be present in its reénforcing 
capacity in order to prevent experimental extinction. But an indifferent 
stimulus, neither a conditioned nor unconditioned stimulus, can substitute 
for the incentive-function of the unconditioned stimulus.’ If forelimb 
flexion be conditioned to bell, conditioned flexion will be of the same 
character if shock be omitted and food be given after each successful re- 
sponse. With this completely “conditioned” response, both evoked and 
maintained by stimuli previously indifferent, it should be easy to develop 
a second order response. With the conditions bell—>flexion—>food, no diff- 
culty should be encountered in proceeding to bell+light—flexion—>food 
and then to light—flexion—>food. The third order would go, light+-air 
—flexion—>food to air—flexion—>food, and so on to the fourth and an in- 
definite number of higher orders. By this procedure, there would be no 
time when adequate incentive for response was not maintained. Further- 
more, in human behavior, where the number of stimuli and situations 
available either for eliciting or motivating response would be greatly 
multiplied, successive substitution for both functions ‘of the original or 
unconditioned stimulus is possible. Not only can there be a transfer of a 
response from one stimulus, evoking response, to another, but also a 
transfer from one stimulus, providing incentive, to another. In other 
words, the transfer of a response from one elicitory stimulus to another 
would be brought about and accompanied by the substitution of one 
incentive-situation for another. 


* Finch and Culler, Relation of forgetting to experimental extinction, this Jour- 
NAL, 1935, 656-662. 
W. J. Brogden, Unconditioned stimulus-substitution in the conditioning proc- 
ess, ibid., 52, 1939, 46-55. 
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SUMMARY 


(1) Higher order conditioned responses, with food the incentive for the higher 
orders, could be established in only 4 of 10 animals. 

(2) In the original training the second order required the greatest number of 
trials to reach the response-criterion, the first next, then the fourth, whereas the 
third was the most easily established order. 

(3) The first order was the most resistant to extinction, the second next, the 
third next, and then the fourth. 

(4) Retraining after each extinction took but a short time (1 or 2 days) and 
was about the same for all orders, first and higher. 

(5) There is no relationship between the speed of conditioning and the speed of 
extinction. 

(6) The principles of higher order conditioning are examined and an alternative 
hypothesis is suggested to account for the means of transfer of a response from one 
stimulus to another, when there is no direct association between the secondary stimuli 
and the original or unconditioned stimulus for the response. 
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RETROACTION AND PROACTION IN SERIAL LEARNING 


By GERTRUDE RAFFEL SCHMEIDLER, Oradell, N.J. 


It is usual in work on retroactive inhibition to present successively for 
learning two materials and to examine only the effect of the second upon 
recall of the first. In the total learning situation, however, it has been 
demonstrated that a prior learning may affect a later one. The present ex- 
periment was undertaken to show that the interaction between the first 
material and the second may be more significant than is either the proactive 
or the retroactive effect taken alone.? 

During the course of the research other problems arose, some of which 
have been studied in detail. The data show that interpolated material or 
interpolated activity different from the original learning can cause retro- 
active inhibition. Comparable proactive effects are, moreover, produced 
by dissimilar material or activity preceding learning. These results appear 
to be dependent on the difficulty of the material and on the length of the 
intervals of presentation. 

All the experiments used nonsense material presented serially. A series 
of two units affords the typical condition of retroactive inhibition: learning 
the first unit is followed by learning a second. As the series increase in 
length analysis becomes more complicated, but the intrinsic nature of the 
problem is unchanged. The chief advantage of serial presentation is the 
flexibility that it offers by the use of short units, approximately equal in 
difficulty. 

PROCEDURE 

Learning material. The learning material was of two types: three consonants 
presented as a unit, or three lines radiating from one central point. The consonant 
groups were chosen by writing each of the twenty consonants on a separate slip of 
paper, arranging them in random order, and dividing them arbitrarily into groups 
of three. Any combination which E believed to be too easy was modified or dis- 
carded; such a group might consist of an alphabetical sequence or a familiar set of 
initials, All the letters were used approximately the same number of times. The 
groups were presented like nonsense syllables, but reported by being spelled rather 
than pronounced as a unit. In scoring, each correct letter was given one point credit, 
whether or not its position in the group was correctly recalled. The maximum score 
for a group was 3. 


* Accepted for publication March 1, 1939. 

*This experiment was performed in the Psychological Laboratories of Hatvard 
University, where it profited greatly from the suggestions and criticisms of Dr. 
Dwight W. Chapman. 
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The lines presented to O were 5 mm. long, each pointed in one of the 12 posi- 
tions of the numerals on a clock. In preparing the material E wrote the numbers 
1 to 12 on separate pieces of paper and arranged them haphazard in groups of three, 
then ruled lines in the positions designated by the numbers. Care was taken in 
composing a series of such units not to present similar visual patterns close to each 
other; except for this precaution the material was arranged by chance. O reproduced 
the lines in recall by drawing them; he was always instructed to put each line in 
one of the twelve positions, and not an intermediate one. A line in the correct posi- 
tion was given a score of 1; two lines in the right relation to each other (with an 
accurately reproduced angle between them) were also scored 1; if all three lines 
were in the right relation but were misplaced, they were given 2 points instead of 
the maximum 3. Scores on the lines were consistently lower than on the consonants. 

The material was presented on a small memory drum placed on a table in front 
of O. The consonants were typewritten in capital letters; the lines were drawn 
clearly in pencil. The members of a series were always shown in immediate suc- 
cession; each was exposed for 1.5 sec. The consonants were reported verbally; the 
lines were drawn. In an attempt to make the two learning conditions more similar, 
O was required to repeat a word during the entire exposure period; he would say 
“Friday,” for example, at a uniform rate, perhaps three times a second. This re- 
sponse rapidly became automatized in practice trials so that it was not a distraction 
in any of the learning series; it prevented a verbal reinforcement of the consonants 
which would necessarily be impossible for the lines. 

Order of recall. When a series has been partially learned O may recall it in any 
order he chooses, or he may be required to recall it in the order in which it was 
presented. The disadvantage of the first alternative is that the time between presenta- 
tion and recall is not kept constant for all the units; the ones shown last may benefit 
because they can be reported soon after they have been seen. The disadvantage of 
the second alternative is that such instructions tend to make O emphasize the first 
part of the list in learning.” 

An attempt was made to have O distribute his effort equally over the entire list 
and still to retain a constant interval between exposure and recall, by requiring a. 
report on only one member of each series. For a series of five groups of consonants, 
for example, the five units were presented successively. After the last had been 
shown, the memory drum continued to revolve; if the first group was to be reported 
the numeral 1 appeared in the next space. If the second was to be designated there 
was one blank space, exposed for 1.5 sec. after the fifth group of consonants, and 
then a 2; for the third two blank spaces followed by a 3, and so on. Six seconds 
always elapsed between exposure of a unit and the exposure of the number which 
indicated that it was to be reported. The numbers were arranged in chance order. 
In the terminology of retroactive inhibition, we may say that there was 6 sec. 
interpolated activity for position 1, a 6-sec. rest period for position 5, and inter- 
mediate ratios of work and rest for the intermediate positions. 

The second method of recall was the simplest possible one. As soon as the list 
had been shown, O reported all he could remember in any order he chose. For the 
series of mixed consonants and lines, he could draw the lines and then report the 


a Raffel, Two determinants of the effect of primacy, this JOURNAL, 48, 1936, 
654-657. 
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consonants, report the consonants and then draw the lines, or do both at once. 
There was no limitation on the length of time used for recall. With either method, 
each list was shown only once. 

For 8 series, totaling 44 lists, 4 Os used one method of recall and 4 Os another. 
Differences among the series followed the same pattern for both methods of recall. 
For the purposes of this experiment, therefore, the two methods were equally 
useful; and the experiment was continued with the second and more convenient 
method. 

Tachistoscopic exposure. An exposure period of 1.5 sec., as used here, is much 
briefer than is customary in studies of retroactive inhibition. It was considered 
desitable, however, to explore even further in the direction of short-time intervals, 
using the shortest possible time intervals that permit successive presentation of units. 
Hylan has shown that, when two or more units are exposed tachistoscopically, they 
are perceived successively even though they had been shown side by side in the 
tachistoscope window.* When O is instructed to read the stimulus-card from left to 
right, he perceives first the unit on the extreme left, then the second from the left, 
and so on. This procedure fulfills the requirements of serial presentation, and was 
therefore employed. 

The material used earlier was simplified slightly here: two consonants instead of 
three, and two lines radiating from a central point were used as units. There were 
4 series, each of which contained 10 exposure-cards; on each card were two units 
placed beside each other. The consonants were printed in gummed letters; the lines 
were drawn in India ink, and were approximately the same height, width, and 
blackness as the letters. 

M and W were excluded from the consonants because of their heaviness; the 
remaining eightee:: were all used four or five times apiece. The lines were pre- 
sented as before in the 12 positions of the hands of a clock; separations of 180° 
were not used. This allowed 5 possible angles of separation; each angle appeared 8 
times. No combination of lines was repeated. 

The tachistoscope employed in the experiment used an episcotister, and allowed 
an exposure of 60°. The Os were instructed to read the cards from left to right, and 
to write the letters or lines as soon as they had been exposed. A ready signal was 
given from 1 to 1.5 sec, before each exposure. The experimental session consisted 
of an explanation of the procedure; the exposure of 4 practice-cards (each was 
representative of one of the 4 series of this portion of the experiment) ; repetition of 
these cards if O requested it; presentation of the 4 series. There were 5 Os, making 
it possible to vary the order of presentation so that each series was presented first, 
second, third, and fourth. 

As in the previous scoring, a consonant reported correctly or a line drawn in the 
right position was given a score of 1; and if the position of both lines was wrong 
but the angle of separation was reproduced correctly a score of 1 (half credit) was 
given. The maximal score for any series was 20 for each position. Since two con- 
sonants or one pair of lines had been demonstrated in preliminary work to be within 
the span of attention, scores much lower than 20 indicate inhibition between the 
units. 


*J. P. Hylan, The distribution of attention, Psychol, Rev., 10, 1903, 373-403, 
498-533, 
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Multiplication. In one pair of series, two units of interpolated activity consisted 
of multiplication instead of learning. In one case 3 groups of consonants and then 2 
simple multiplication problems were exposed; for the other series there were 2 
multiplications and then 3 groups of consonants. There was the usual 6-sec. interval 
between exposing a group of consonants and designating it for report, for the Os 
with the first method of recall. No record was kept of the accuracy of the multipli- 
cations. 

The instructions with this procedure were: “You are going to be shown two 
multiplications, such as 8 x 9, or 2 x 17, and three groups of consonants. As you 
see each group of consonants, try to learn it. When you see the multiplication, say 
the answer aloud. You will not be asked to remember the multiplications, so do not 
try to learn them. The purpose of this series is to have you do some kind of work 
other than learning for three seconds; all you are expected to do is to try to multiply. 
If you cannot get the answer while the problem is being shown, forget about it as 
soon as the drum turns; as long as you were busy thinking about it when the 
multiplication was in front of you, you did the right thing. Your answer will not be 
recorded.” 

After the practice trials the Os had little difficulty in following instructions. They 
gave every indication of trying to perform the multiplications, but dismissed them 
readily after the exposure period, with little or none of the tension that might be 
expected to follow an incompleted task. 

Series Used in the Experiment. Six Os learned the first 13 series. Those series 
were constructed as is indicated in the following list. 


2 groups of consonants 
3 groups of consonants 
5 groups of consonants 

Series V 2 sets of lines 

i 3 sets of lines 

5 sets of lines 
3 sets of lines followed by 2 groups of consonants 
2 groups of consonants followed by 3 sets of lines 
2 sets of lines followed by 3 groups of consonants 
3 groups of consonants followed by 2 sets of lines 
2 multiplications followed by 3 groups of consonants 
3 groups of consonants followed by 2 multiplications 


Five Os learned the following series, which were exposed on the tachistoscope. 


2 groups of consonants 
2 sets of lines 


Series XVI 1 group of consonants followed by 1 set of lines 
Series XVII 1 set of lines followed by 1 group of consonants 


RESULTS AND DISCUSSION 


The data are presented in Tables I and II. When, as in Series I, two groups of 
consonants are presented successively to O, both the first and the second can be 
reported equally well. A series of this length seems to be within the memory span, 
as the term refers to the case in which O can almost always reproduce material per- 
fectly. 

When a series of three groups of consonants is presented, however, the scores 
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for all the positions are lower than in the previous case. Apparently Series II, 
containing nine consonants, exceeds the span of memory; only 6.7 are reported as a 
mean score, Such a sequence may be considered to be composed of a series of two 
groups, comparable to Series I preceded by a single group of consonants. From this 
point of view the second and third positions are equivalent to the first and second 
positions of Series I; the scores obtained might then be predicted to be—,2.8, 2.8. 
Since the actual scores are—,2.1, 2.5, it is clear that the first group exerts a 
proactive inhibitory effect upon the second and third. Following the same line of 
reasoning, the third position shows a pronounced retroactive inhibitory effect upon 


TABLE I 
Scores OBTAINED AFTER A SINGLE PrEsENTATION OF EACH SgrIzEs ON A Memory Drum 


The scores of the positions in which consonants were learned are printed in lightface; those 
of the lines are printed in boldface. 
(Maximum score= 3) 


Position 
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2.7 
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the first and second. But the analysis is incomplete without consideration of the 
series as a whole, which shows that the retroactive inhibition is stronger than the 
proactive, since the score of the last position is higher than that of the first two. 

In Series III, fifteen consonants were presented, and the mean number reported 
was 8.7, although only 6.7 had been recalled when nine consonants were exposed. 
If the same type of analysis is made of these data as of those of Series II, it will 
be found that the mean of the last two positions is only slightly lower in Series III 
than in Series II. This indicates that the proactive inhibition rapidly approaches a 
maximum as the number of units is increased. 

This increase brings about one interesting change: although the mean score of 
the last positions is relatively constant, the difference in value of the different 
positions becomes more pronounced. Presented graphically, this appears as an in- 
creased tilt of the curves of score vs. position; the last position has a greater ad- 
vantage over the penultimate in a series of five units than in a series of three. The 
retroactive inhibition is also greater in this series than in the preceding one: the 
mean of the first two positions is 1.2 when they are followed by three groups of 
consonants, but it is 2.1 when they are followed by only one consonant group. 
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In Series IV, ten groups were presented successively, and a levelling off in the 
retroactive inhibition appears which seems directly opposed to the tilting of the 
proactive effect: the scores of the first eight positions vary about 1.2, and this 
variation is clearly within the limits of experimental error. The mean of the last 
two positions is somewhat higher in this series than in Series II and III, while the 
mean of the last three positions is only slightly lower than in Series III. Proactive 
inhibition, then, shows little change with increasing length, but proactive tilt is ac- 
centuated; positions 1-3 in Series II scored from 2.1 to 2.5; positions 3-5 in Series 
III from 1.7 to 2.7; and positions 8-10 in Series IV from 1.1 to 2.7. 

The same general tendencies appear in the series of lines, if allowance is made 
for the fact that the lines were more difficult than the consonants, Difficulty rather 
than quantity of the material to be learned determines the influence of inhibitory 
effects, as can be seen in Series V, where two sets of lines were presented. The 
number of errors was relatively high—an accuracy of only 70% for the first posi- 
tion—so that in this case a series of two lies beyond the memory span. As occurs 
with the consonants when the length of series exceeds the span, there is a 
difference in score between the positions. The first is lower than the second, indi- 
cating again that retroactive inhibition is stronger than proactive inhibition. 

In the series of three sets of lines, the scores are lower; and in Series VII, with 
five sets of lines, the scores for all positions except the last are lower still. This 
series seems to show the same pattern of position effects as appeared in Series IV, 
where there were ten groups of consonants. Assuming the lines to be about twice 
as difficult, so that one set of lines is equivalent to two groups of consonants, the 
parallel is marked: the first eight positions of Series IV have approximately the 
same score, and the ninth and tenth are higher; the first four positions of Series VII 
are approximately uniform, and the fifth is higher. 

According to most theories of retroaction, inhibition does not take place between 
dissimilar materials. The next four series test this theory: each of them is composed 
of five units, of which either two or three are consonants, and the other three or 
two are lines. If the scores are like those where only two or three units were pre- 
sented, no interaction has occurred; if the scores are lower or show proactive tilt, 
then there has been inhibition or interaction. 

A glance at the data of Table I shows that the second alternative describes the 
results, When three sets of lines are presented alone, their scores are 1.7, 1.9, 2.3. 
When three sets of lines are followed by two more sets, the scores are 1.4, 1.7, 1.4. 
When they are followed by two groups of consonants, the scores are 1.4, 1.7, 1.5— 
almost identical with the preceding case. 

In the same series, Series VIII, the two groups of consonants score 2.5 and 3.0 
Two consonant groups presented alone (Series I) score 2.8, 2.8. Thus it seems that 
the three first units caused a proactive tilt of the two last units; and those two last 
units caused a retroactive inhibition of the three first ones. This reciprocal effect is 
present in Series X and XI as well as in Series VIII, although it is not apparent in 
Series IX, where the two first sets of consonants score almost as high as if they 
had been presented alone, but lower the scores of the three sets of lines that follow 
them. These data warrant the conclusion that both proactive and retroactive inhibi- 
tion can occur between dissimilar learning materials. 

Robinson has suggested that besides a similarity of content between the original 
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and the interpolated materials,‘ there may be a similarity of forms of presentation 
or of the processes involved. Since this experiment is concerned with serial learning, 
a certain formal similarity of presentation is necessary. “Processes involved” probably 
refers to the set of O; this factor was varied in the next two series. Instead of being 
required to learn both the original and the interpolated activity, O was instructed 
to learn three groups of consonants, and to perform multiplications in the other two 
units of the series. 

The data of Series XII and XIII show that multiplication inhibited learning the 
consonants, Three groups of consonants presented alone scored 2.1, 2.1, 2.5; three 
such groups presented after multiplications scored 1.9, 2.1, 2.1; when multiplication 
folléwed-the three groups, the scores were depressed to 1.6, 1.6, 1.9. The proactive 
effect is as usual less pronounced than the retroactive; but in both cases there is 
evidence of inhibition. 

In most experiments on retroaction, no inhibition has been found when dis- 
similar materials were learned. In the series just described, retroaction has been 
demonstrated not only with dissimilar learning material but even with different 
interpolated activity. Much shorter time intervals than are customary were used 
here; this may have been the cause of the increased susceptibility of the material to 
inhibition. In that case, even shorter time intervals may result in even more pro- 
nounced inhibitory effects between dissimilar materials, This possibility was tested 
in the next four series, with tachistoscopic presentation. The results are presented 
in Table II. 

Two groups of consonants were shown in Series XIV, and two sets of lines in 
Series XV. In both series, the first unit was reported more accurately than the second 


by each O; this shows that the material was read from left to right, according to the 
instructions. The scores of the consonants were consistently higher than the scores 
of the lines; we may infer that the lines were more difficult. 


TABLE II 


Scores OsTAINED AFTER A SINGLE PRESENTATION OF EACH SzrIEs 
ON A TACHISTOSCOPE 


Thes cores of the positions in which consonants were learned are printed 
in lightface; those of the lines are printed in boldface. 
(Maximum score = 20) 


Position 


2 
17.8 
10.8 
11.4 
16.4 


Series XVI and XVII were mixed, composed of one consonant group and one 
set of lines. The consonant scores are slightly lower, for each position, than they 
were when only consonants were shown; the scores of the lines are the same for the 
first position and slightly higher for the second. This implies that with tachistoscopic 
exposure, inhibition is determined by the difficulty rather than the similarity of the 


*E. S. Robinson, Some factors determining the degree of retroactive inhibition, 
Psychol. Monog., 28, 1920, (no. 128), 1-57. 
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material: lines have a stronger inhibitory effect than consonants, whether the ma- 
terial they inhibit be consonants or other lines. 


‘THEORY 


A large group of diversified experiments deals with the relation between 
general body processes or affective and emotional conditions, on the one 
hand, and retroactive inhibition, on the other. This work shows that 
pleasant odors and sleep after learning facilitate report ; unpleasant odors, 
unpleasant emotional conditions and activity tend to inhibit it. Such con- 
ditions probably have on O a general effect, which would influence most 
of his activities as well as being detrimental to recall. The experiments 
show, therefore, that the retention of material that has been learned is not 
wholly independent of the rest of the body processes. On the other hand, 
most of the experiments which relate inhibitory effects to similarity indicate 
a high degree of specificity for learned material. Apparently memory of 
such material is affected somewhat by the general activity of O, but is at 
the same time differentiated from other memories. 

The results of the experiments reported here indicate that the differenti- 
ation does not take place instantaneously at the exposure of the learning 
material. With a very brief interval between perception of the units, as in 
tachistoscopic presentation, the memory systems are not individuated and 
thus learning of any sort has as strong an inhibitory effect as has learning 
of similar material. Differentiation has begun but is not complete with the 
time intervals of a few seconds used in the other series; dissimilar materials 
or even dissimilar activities affect each other, although by this time the 
strongest inhibition comes from material of the same type as that which is 
being inhibited. 

It is likely that the speed of individuation is not constant, but depends 
upon the difficulty of the material.© An easy task is probably dissociated 
sooner than a more difficult one from the mass of unrelated activity in the 
organism; after a relatively short period it would therefore be resistant 
to inhibition. In a more difficult task the changes would be slower, as well 
as weaker. According to this reasoning, with tachistoscopic exposures all 


® Representative experiments are: J. D. Frank and E. J. Ludvigh, The retroactive 
effect of pleasant and unpleasant odors on learning, this JOURNAL, 43, 1931, 102- 
108; L. M. Harden, The effect of emotional reactions upon retention, J. Gen. 
Psychol., 3, 1930, 197-221 J. G. Jenkins and K. M. Dallenbach, Obliviscence 
during sleep and — this JOURNAL, 35, 1924, 605-612; E. B. van Ormer, Re- 
tention after intervals of sleep and of waking, Arch. Psychol., 21, 1932, (no. 137), 
1-49, 
*B. Ribsskog, Experimentelle Untersuchungen iiber die fiir den Unterrichtserfolg 
giinstigste Repetitionszeit, Zsch. f. angew. Psychol., 43, 1932, 301-347. 
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learning material is highly susceptible to inhibition, even from unlike ma- 
terial; with time intervals of a few seconds (as in Series I to XIII) easy 
material is less liable to inhibition from dissimilar presentations than is 
difficult material (lines were more readily inhibited by consonants then were 
consonants by the lines) ; and after longer periods this susceptibility lessens 
or disappears, as it does in most experiments. The theory thus accounts for 
the major findings of this experiment. 
CONCLUSIONS 


(1) When series of nonsense material are learned, as the series increase 
in difficulty there is (a) a retroactive inhibition of the earlier units which 
increases at first, but seems to reach a maximum, and (b) a proactive 
effect which may take the form of inhibition or of tilt. 

(2) Proactive inhibition is weaker than retroactive inhibition. 

(3) When experimental conditions are varied, parallel changes occur 
in the retroactive and the proactive effects. 

(4) With time intervals of the order of 8 sec., dissimilar materials in- 
hibit each other almost as much as similar ones. 

(5) With time intervals of the order of 8 sec., multiplication causes 
both proactive and retroactive inhibition of learned material. 


(6) With tachistoscopic exposure, inhibition is determined by the difh- 
culty rather than the similarity of the material. 
(7) Material that has been learned becomes individuated during re- 


tention. 
(8) The speed of individuation becomes slower as the difficulty of 


the material increases. 
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EFFECT OF CROWDING OF MATERIAL ON CURVES 
OF FORGETTING 


By Epwin B. NEwMaANn, Swarthmore College 


In the effort merely to add greater precision to scientific findings, con- 
ditions are sometimes so altered that a new experimental situation is 
created, and to the problems originally envisaged are added new ones. In 
attempting to increase the statistical reliability of experiments on learning, 
for instance, often such large masses of items are used that interfering 
or disruptive forces among these items are introduced into the learning 
process. Facts established with single or isolated learning units are not 
always true for longer series of massed units. In the experiments to be 
reported in this paper, the effect of this massing of material on the con- 
ventional curves of forgetting has been investigated.1 Two particular con- 
siderations motivated the study. 

First, Jenkins and Dallenbach and Van Ormer have reported forgetting 
curves for intervals of sleep and waking.? In a comparison of the results 
obtained in these two investigations, it appears that the forgetting curves 
for intervals of waking have markedly different shapes. The curve in the 
study of Jenkins and Dallenbach shows a loss during the first hour of ap- 
proximately 50% of the material originally learned, with a continued drop 
during the entire 8-hr. period until 90% has been lost. Van Ormer's 
curves, on the other hand, show a slightly greater loss, 55%, during the 
first hour, and then only a comparatively small drop for the remainder of the 
8-hr. period to 75%. While it is possible that the inconsistency in these 
results is due to arbitrary differences in the technique of the experiments, 
it seems more probable that the larger amount of material, approximately 
three times as much, learned by Van Ormer’s Ss at any one experimental 
session would have a bearing on the outcome of the experiment. 

This view is supported by results reported by Woodworth, using lists of 
from 5 to 30 sets of paired words.* After 3 repetitions the list of 5 pairs 


* Accepted for publication February 28, 1939. 

* The experiments reported were conducted by members of undergraduate honors 
seminars at Swarthmore College. Credit is due to Margaret Chase, Peggy Harding, 
Ann —e Helen Crosby, and Dagny Hoff for their respective shares in the 


and K. M. Dallenbach, Obliviscence during sleep and waking, 
this JOURNAL, 35, 1924, 605-612; E. B. van Ormer, Retention after intervals of 
sleep and of waking, Arch. Psychol., 21, 1932, (no. 137), 1-49, 

*R. S. Woodworth, The influence on retention of conditions pasar. quickness 
of learning (abstract), J. Philos., 12, 1915, 246. Cf. also, Woodworth, The better 
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showed 100% correct associations while the list of 30 pairs showed only 
71% correct. Two days later the relative position of the lists was reversed ; 
the list of 5 pairs had fallen to 4% correct, while the list of 30 pairs 
dropped only to 34%. Since the time devoted to each pair was equal in the 
two cases, Woodworth suggested increased effort on the part of the Ss to 
account for the clear-cut superiority of the longer list over the single list 
in the second recall. The present experiment was formulated, therefore, 
as an attempt to clarify this situation, that is, to test the effect of the 
amount of material learned on the shape of the forgetting curve. 

Secondly, however, certain important theoretical considerations are in- 
volved. If forgetting is an expression of interference by events occurring 
in the daily experience of S, a masking of the original traces, then a con- 
siderable measure of such interference introduced intentionally on the 
occasion of the original learning should have a marked effect on the shape 
of the forgetting curve.* It might be assumed, for example, that material 
which has been mastered in spite of the strong intra-serial interference 
present in a long list would now be less subject to the relatively less im- 
portant influences of subsequent chance events. Conversely, relatively iso- 
lated experiences would be under a continual detrimental influence because 
of the proportionately larger effect of the events of daily life. This hypothe- 
sis is doubtless too simple, as the facts reported below will suggest, but it 
indicates at least the general kind of relationship which must hold between 
these two conditions. 

THE EXPERIMENT 

Two groups, totaling 21 students, learned by the anticipation method single lists 
of 8 nonsense syllables, and, at other times, 3 such lists of 8 syllables in quick 
succession. After intervals of 1, 24, and 48 hr. the Ss relearned the same lists. 
Retention was measured in terms of the conventional savings, that is to say, the 
difference between the trials necessary for the original learning to one perfect 
repetition, and trials for relearning to the same criterion. Each S served in 6 single 
experiments, one under each of the variations of the experimental conditions indi- 
cated above. The influence of the relative difficulty of the 12 different lists of 
material used and of the fairly sizable over-all practice efforts was equalized -by 
rotation of both the lists and of the order of experiments for the various Ss. Thus 


7 Ss relearned first after 1 hr., 7 other Ss first after 24 hr., and the remaining 7 
after 48 hr.,—the order for single lists being the reverse of the order for the triple 


retention of longer memory lessons (abstract), Psych‘. Bull., 13, 1916, 65; and 
Experimental Psychology, 1939, 19-20, 56-60. 

“The theory that forgetting depends upon interference has been clearly formulated 
by J. A. McGeoch, Forgetting and the law of disuse, Psychol. Rev., 39, 1932, 
352-370. So far as the writer is aware, however, no critical review of the older 
facts about forgetting in terms of this theory has been published. 
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lists. Group I, consisting a 9 Ss, learned all 3 single lists before starting the triple 
lists. Group II, containing 12 Ss, learned the single and triple lists interspersed 
so as to balance practice effects in the original learning. The extent to which these 
controls were successful may be judged by comparing the rates of learning indicated 
in Table I below. 

RESULTS 


Original learning. The number of trials required by the two groups to 
learn the lists is given in Table I. In each case the results for all the lists 
learned before the 1-hr. interval are grouped together; results for the other 


TABLE I 
Trrats Requirep FOR OriGinAL LEARNING 


(Each value is the mean of values for all 8-syllable lists learned by Ss in each group preceding 
the interval indicated.) 


Group Hours to relearning Triple lists 


4.89 
5.30 
5.44 
5.21 


6.97 
6.75 
II ‘ 6.64 


6.79 

two intervals are arranged in the same way. The values in the table each 
represent the mean for all Ss in that group. Comparisons of these values, 
as well as the size of the standard deviations reported, indicate rather large 
variability from one S to the next. In addition, the rate of learning for the 
triple lists is significantly faster than the rate for the single lists in Group I. 
The procedure for this group indicates that this difference is due to an 
over-all practice effect. For the purposes of this paper, however, this differ- 
ence is not of major importance, since we are interested in the slope of the 
forgetting curves; in the subsequent discussion, Group I and Group II are 
treated together. While the rates of learning for the various sub-groups 
are not as uniform as might be desirable for greatest reliability, the ab- 
sence of systematic differences enables us to treat them as functionally 
equivalent. 

Forgetting. Forgetting may be calculated either by finding the per- 
centage saving for each individual S and then taking the mean of these 
percentages, or by averaging the actual number of trials for learning and 
for relearning and calculating the saving from these two means. In this 
experiment, the two methods give very nearly identical results, but since the 


I 7-33 

24 7.78 

I 48 6.22 3 
Mean 7-11 4 
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latter gives more concrete information it has been used in the subsequent 
presentation. In Table II are given the data relative to forgetting, and 
the final results are presented graphically in Fig. 1. 

Four values are given for each of the six experimental conditions, the 
mean number of trials required for the original learning, the mean number 
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HOURS BEFORE RELEARNING 


Fic. 1. CURVES OF FORGETTING, SHOWING RETENTION MEASURED BY SAVINGS 
UPON RELEARNING 
The upper curve is for a single list of 8 syllables; the lower curve is for 3 lists 
of 8 syllables learned in quick succession. 


of trials for relearning, the saving in terms of trials, and finally, the saving 
in percentage of trials for original learning. In the column headed “Differ- 
ence” are given comparisons of the savings for the single list and the triple 
lists at .each interval. The standard deviation and critical ratio for this 
difference has been calculated directly from the differences of the individual 
Ss. In the lower part of the table are presented, correspondingly, com- 
parisons of savings for the 1-hr., 24-hr. and 48-hr. intervals, together with 
their critical ratios computed again directly from the differences for each 
individual subject. 

At first glance it may be seen that the expectation of a marked differ- 
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ence in the slope of the forgetting curve for the single list and the triple 
lists is borne out. The triple lists show more than twice as much forgetting 
as the single list at the one-hour interval, only one and a half times as 
much as the single list at the 24-hr. interval, and but slightly more than 
the single list at the 48-hr. interval. The 1-hr. difference is highly reliable, 
the 24-hr. probably reliable, and the 48-hr. not reliable. Time obviously 


TABLE II 


TrIAts REQUIRED FOR LEARNING, RELEARNING, AND SAVINGS FOR INTERVALS OF I, 24, AND 
48 Hr., ror Since Lists AND For 3 Lists or 8 SyLtaBLes LEARNED AT ONE TIME 


(Critical ratios are calculated from S.D.aige. found directly from differences for each S.) 


Single Triple Difference Critical 
Time list list S-T ratio 


Learning, trials 8.00 
. Relearning, trials 

Savings, trials 

Savings, % 


Learning, trials 
24hr. Relearning, trials 
Savings, trials 
Savings, % 
Learning, trials 
48 hr. Relearning, trials 
Savings, trials 
Savings, % 
Difference (24-1), trials 
Critical ratio 
Difference (48-24), trials 
Critical ratio 
Difference (48-1), trials 
Critical ratio 


affects the two cases differently, working to the advantage of the triple 
lists and to the comparative disadvantage of the single list. This demon- 
strates, so far as is possible, that the difference between the forgetting 
curves of Jenkins and Dallenbach and of Van Ormer is a function of the 
amount of material each gave his Ss to learn, and it further gives us a sig- 
nificant clue to the relatively less clear-cut outcome of Van Ormer’s ex- 
periment. 

Much more striking was a result which appeared quite unanticipated by 
me. Some of the first results with the triple lists indicated a greater degree 
of saving at the 48-hr. interval than at the 1-hr. interval. This result was at 
first attributed to chance, but further experimentation only served to re- 
enforce the original observation. A glance at Fig. 1 will show quite 
clearly that there is a continuous rise from the 1-hr. interval through the 
24-hr. to the 48-hr. interval: more is remembered of the triple list the 


6.07 4 
thr 4:34 
1.83 3-74 4-37 
30.1 39.5 : 
7.28 6.13 
3.28 3.80 

4.00 2.33 1.67 2.46 
54-9 37-0 17-9 4 
6.57 6.13 : 
3-24 3-63 
3.33 2.50 .83 1.69 
50.7 40.7 10.0 : 
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longer the interval before it is tested. The differences are not large on an 
absolute scale, but the rise is so consistent from S to S that the approxi- 
mately 10% increase between the 1-hr. and the 48-hr. intervals appears 
statistically significant, and it is probable that the smaller differences would 
prove reliable were a sufficient number of Ss employed. 

Even though this experiment was not set up so as to be formally com- 
parable to the conventional experiments on reminiscence, the parallel 
between the results noted above and those designated by the term remi- 
niscemte is so striking as to suggest that they actually represent the same 
phenomenon.® Moreover, the procedure of this experiment did not actually 
require that at any one moment the Ss should have complete mastery over 
all three of the triple lists. Thus the 100% point plotted for a zero time- 
interval and the steep slope of the curve from this point down to that for 
1 hr. have no real significance, and we have to consider merely the trend 
of the curve between 1 and 48 hr., which shows clearly the parallel to 
which I have referred. 

DIscUssION 


It is possible to formulate certain logical consequences of these experi- 
mental findings. 

In the first place, two general alternatives are available to explain the 
increase in performance on the triple lists with the passage of time: either 
the traces involved (or any equivalent facilitating agent) are strengthened, 
or an interference initially present is lessened. A strengthening might result 
from either a process of perseveration or consolidation, or from processes 
of growth or maturation. The increase in the retention of specific items 
which is present in the experiment could with difficulty be accounted for by 
either of these alternatives. The second alternative, the lessening of an 
initial interfering or inhibiting process, seems at the present time far more 
likely. The initial interference might have something to do with factors 
like fatigue or loss of interest; or the inhibitory effect might have its 


5 The work on reminiscence has been adequately reviewed by G. O. McGeoch 
and will not be gone into here; cf. G. O. McGeoch, The conditions of reminiscence, 
this JOURNAL, 47, 1935, 65-89. 

*TIt cannot be denied that the improvement in certain types of performance may 
be adequately explained by a concept of maturation. James’s example of learning 
to swim in the winter is too well known to need elucidation. Cf. R. H. Wheeler, 
The Science of Psychology, 1929, 290-300, 319-322, 495-496. Snoddy’s experiments 
on mirror drawing have been cited in support of this theory: G. S. Snoddy, An 
experimental analysis of a case of trial and error learning in the human subject, 
Psychol. Monog., 28, 1920, (no. 124), 1-78. On the other hand, the disappearance 
of Snoddy’s “irradiation pattern” during a rest period may be similar to the sub- 
sidence of initial interference posited in this paper. 
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origin within the material itself, in the form of interaction among its 
items.” The last of these explanations is the only one which appears satis- 
factory, and I shall tentatively adopt it. 

Second, since the single lists do not show “reminiscence,” while the 
triple lists do, crowding of material is indicated as the condition which 
is specifically responsible for the interference postulated above.* Crowding 
introduces the probability of strong interference in the initial learning 
and therefore the possibility that such interference will subside in the 
course of time. With less crowding, this smaller amount of initial inter- 
ference allows for but little change in time. One need not assume, of 
course, that such interference is entirely absent in the single lists. On the 
contrary, it is probably present in no inconsiderable amount. One need 
only postulate that the intra-serial interference in the single list is not so 
large that the facilitating effect of its removal will offset the decrement due 
to the chance inhibitory forces of ordinary forgetting. According to this 
view, any actual forgetting curve will be the resu!tant of (1) interfering 
or inhibitory processes accumulating in time, and (2) the decreasing effec- 
tiveness of any interference with the passage of time. The latter would 
include both interference present at the time of original learning, and that 
accruing in the process of forgetting.® 

Third, the fate of the intra-serial interference may be specified to some 
degree. The results of the present experiment show that this interference 
gradually decreases during the period from 1 to 48 hr. after learning. 
It is doubtful whether the three points on the curve given above furnish 
any clue to the complete course of this function, but it is important to 
emphasize the relatively long period, certainly considerably more than one 
hour, during which “reminiscence” is found. 

The conclusions which have been reached in this discussion are not 
entirely novel. In several important respects they agree with predictions 


* The probability that fatigue plays a rdle in these experiments may be excluded 
by noting that the rate of learning for the triple lists is slightly lower than that 
for the single list in Group II when, if anything, it might be expected to be higher. 
This difference, although statistically unreliable, suggests a warming-up during the 
learning period rather than any fatigue. 

® The fact of crowding is as old as Ebbinghaus but it has recently been given new 
meaning. Cf. H. von Restorff, Ueber die Wirkung von Bereichsbildung im Spuren- 
feld, Psychol. Forsch., 18, 1933, 299-342; and C. L. Hull, The conflicting psycholo- 
gies of learning—a way out, Psychol. Rev., 42, 1935, 491-516. The experiments of 
Von Restorff are summarized in K. Koffka, The Principles of Gestalt Psychology, 
1935, 481-493, and W. Kohler, The Place of Value in a World of Fact, 1938, 
256-265. 

® Retroactive and proactive inhibition should be added to chance interference 
as factors producing forgetting. A common basis in crowding, retroactive inhibition 
and forgetting is indicated. Cf. also Von Restorff, op. cit. 328-342. 
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made by Ward and by Hovland on the basis of deductions from so-called 
conditioning experiments.1° Ward and Hovland have pointed to the tem- 
porary character of inhibition in the learning process as the source of the 
reminiscence effect. This intra-serial inhibition depends upon “‘inhibition 
of delay’ derived from remote excitatory tendencies spanning any given 
syllable. Implicit in their assumptions is the conclusion that larger amounts 
of material should introduce proportionately greater amounts of inhibition. 
This _last factor, however, has been relatively neglected in favor of the 
variable used by Hovland; namely, the spacing of the learning trials.™ 
Unfortunately, the effect of spacing may be interpreted in two different 
ways. Either spacing in time may allow some kind of an interference or 
inhibition to disappear during the learning process so that a subsequent 
pause shows no additional effect, or the spacing may effectively eliminate 
the initial crowding or massing of material which produces the interference 
or inhibition. It seems important, therefore, to lay particular stress upon 
the fact that interference is a direct result of a crowding, or massing of 
homogeneous or near-homogeneous items in a particular learning process. 

In one relevant respect, the present results disagree with those of Ward 
and Hovland. These writers are inclined to point to a very short period 
immediately following any learning process as being the period when one 
might expect to find most reminiscence. Perhaps this is because the parallel 
with conditioning is so alluring.’ Since the first point on our curve repre- 
sents a reproduction fully one hour after the end of the learning, and since 
a substantial and statistically reliable rise was found between this point 
and that for the 48-hr. interval, it is no longer possible to argue that the 
locus of reminiscence is in the immediate temporal vicinity of the learning 
process. To this extent, the present finding is an important corroberation 
of the shape of curves such as those published by Ballard.18 

An effect closely akin to reminiscence has been described recently by 


1. B. Ward, Reminiscence and rote learning, Psychol. Monog., 49, 1937, (no. 
4), 1-64; C. I. Hovland, Experimental studies in rote learning theory: I. Reminis- 
cence following learning by massed and by distributed practice, J. Exper. Psychol., 
22, 1938, 201-224; II. Reminiscence with varying speeds of syllable presentation, 
ibid., 338-353. Both experiments were based on predictions of Hull, Joc. cit. 

" This difficulty is also present in Huil’s discussion where the effect of length 
of list on the amount of inhibition is nowhere explicitly recognized. 

“Cf. W. M. Lepley, A theory of serial learning and forgetting based upon con- 
ditioned reflex principles, Psychol. Rev., 39, 1932, 279-288. This view has led 
Hull to lean heavily upon a decrease in “excitatory tendency” to explain forgetting, 
a view at variance with the interference theory advanced by McGeoch and adopted 
in this paper. 

*P. B. Ballard, Oblivescence and reminiscence, Brit. J. Psychol. Monog. Suppl., 
1, 1913, (no. 2), 1-82. 
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I. Miller in her investigation of “Reproduktionstérung.”** In experiments 
arranged like those on retroactive inhibition, her results indicate a greater 
disturbance of recall when interpolated material is brought closer to the 
test. Since this disturbance is temporally associated with the recall, Miiller 
has termed it “disturbance of reproduction” rather than retroactive inhibi- 
tion, from which it would seem to differ. The parallel with reminiscence 
is shown in certain of her further experiments, in which the percentage of 
correct recall was quite consistently higher if the test followed the inter- 
polated material not immediately, but after 12.min. The “disturbance of 
reproduction” behaves so much like reminiscence that, as Miiller points 
out, parsimony would seem to demand a single explanation. 

Evidence from these two earlier experiments, as well as from the present 
study, justifies the conclusion that the intensity of interference or inhibition 
produced by massing of material decreases to some extent with the passage 
of time. It is an effect which may take place within 2 min. after learning 
(Hovland and Ward), over a period of 12 min. (Miiller) and over a 
period considerably greater than one hour. There is as yet no indication 
of the reasons why an initial inhibition should tend gradually to subside. 


SUMMARY 


(1) The forgetting curve for a single list of 8 syllables was found to 
fall off to 65% retention in the first hour and to continue dropping to 
about 50% retention at the end of 48 hr. The forgetting curve found for 
3 such lists learned in quick succession, on the other hand, showed a rapid 
drop to 30% during the first hour, followed by a continuous rise to 40% 
at the end of 48 hr. 

(2) Earlier experiments dealing with forgetting have not taken ade- 
quate account of the influence on their results of the amount of material 
given S to learn. 

(3) The rise in the curve for the triple lists, it is argued, is a result 
of the gradual subsidence of interfering forces which are produced by the 
massing or crowding of items in the original learning. 

(4) ‘Reminiscence’ will appear, according to this view, when the mag- 
nitude of this recovery is greater than the loss due to the chance inter- 
ference of events in daily life which otherwise produce forgetting. 

(5) Interference may continue to subside for a period of well over an 
hour. 


“TJ. Miiller, Zur Analyse der Retentionsstérung durch Haufung, Psychol. Forsch., 
22, 1937, 180-210. Miiller points out that her results indicate an interpretation of 
reminiscence in terms of interference (op. cit., 208-210). 


‘SUBJECTIVE’ COLORS FROM LINE-PATTERNS VIEWED IN POLY- 
CHROMATIC AND MONOCHROMATIC LIGHT 


By THEODERA M. ABEL, New York City 


Color-effects are obtained from the stimulation of adjacent retinal fields 
by temporal patterns of white light as in the Benham disk and its modi- 
fications. These rotating stimulus-patterns carry alternation of black and 
white in various proportions.t The explanation of the color phenomenon 
is that the chromatic constituents of ‘white’ grow and decay at different 
rates.? The hue, saturation, and chroma of the color observed on a par- 
ticular concentric ring of the disk vary also with the duration and intensity 
of stimulation and speed and direction of rotation.’ 

This same color phenomenon can also be obtained, although not as 
vividly, from the observation of stationary stimulus-patterns, as a black and 
white tile floor or the Luckiesh-Moss line pattern consisting of parallel 
diagonal black and white lines.* In just what way hue is a function of time 
in a stationary pattern is not entirely clear. Dallenbach and Erb have made 
a thorough study of the Luckiesh-Moss pattern and have found that the 
‘subjective’ colors observed in the pattern are to some extent dependent 
upon eye movement, but eye movement, though necessary, does not appear 
to be a sufficient or compulsory condition.’ At least we can venture to say 
that since eye movements seem necessary to the production of the color- 
effects, line patterns are not really stationary but in some way, not entirely 
clear, allow for intermittent stimulation of light on adjacent retinal fields 
as in rotating stimulus-patterns. 

The illumination under which observations of this color phenomenon 


* Accepted for publication September 1, 1935. 

1 Diagrams of the various disks used in the production of “subjective colors” 
are given by Erb and Dallenbach, ‘Subjective’ colors from line-patterns, this JouR- 
NAL, 52, 1939, 229-230. 

*L. T. Troland, Vision: 1. Visual phenomena and their stimulus correlations, 
The Foundations of Experimental Psychology, 1929, 200. 

* The most thorough study of the control of variables in producing color-effects 
from rotating disks of light and dark patterns was made by G. A. Fry. Cf. Modula- 
tion of the optic nerve-current as a basis for color-vision, this JOURNAL, 45, 1933, 
488-492; Color phenomena from adjacent retinal areas for different temporal pat- 
terns of intermittent white light, ibid, 714-721; Color sensations produced by 
intermittent white light and the three-component theory of color-vision, ibid., 46, 
1934, 464-469. 

*M. Luckiesh and F. K. Moss, A demonstrational test of vision, this JOURNAL, 
45, 1933, 137 ff. : 

5M. B. Erb and K. M. Dallenbach, ‘Subjective’ colors from line-patterns, this 
JOURNAL, 52, 1939, 240-241. 
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have been made has usually been white light or day light. A few experi- 
menters, however, have reported color-effects from rotating black and 
white stimulus-patterns in polychromatic and monochromatic light. Here, 
of course, it is not a question of breaking down the constituents of ‘white’ 
light, since there is no ‘white’ light present. 

The first reference to the employment of illumination other than white light was 
made by Benham.‘ He had objected to Liveing’s physiological interpretation of the 
phenomenon of perceiving different colors on the Benham disk. Liveing stated that 
the eye perceives colors more quickly at one end of the spectrum than at the other. 
Benham claimed that the color-effects were “‘artificial sensations” as he had observed 
them when his disk or top was illuminated by a bright sodium flame and that they 
could not be explained by physiological functioning of the eye alone. Liveing re- 
peated the experiment of Benham and reported seeing only dark brown, pale brown 
and gray, no red, blue and green as in white light." But he also employed as 
stimulus, spiral black figures on a white background in sodium light. Some ob- 
servers reported a play of colors; he did not. Liveing then conceded that the 
phenomenon was ‘subjective’ and varied from individual to individuai. 

Abney observed the Benham disk in gas light and through colored filters giving 
rélative monochromatic light.’ He also made white light by mixing complements. 
In all cases he found some color-effects on the different concentric rings of the disk, 
but in monochromatic illumination the variation of colors was very slight and with 
some lights, such as green and violet, he saw only the concentric rings as different 
tints of the color of the illumination. 

Turner painted the Benham pattern on a glass disk mounted on a revolving 
stage and rotated it in a projection lantern by means of a multiplying wheel.’ He 
reported a great variety of effects if colored glass was interposed in the path of 
the beam. For example, with blue glass in gas light and a moderate rate of rotation, 
the concentric rings were red, gray, green, and blue. With monochromatic red glass 
the lines were blue, gray, red, and dark red. He was puzzled to find a rich blue 
under monochromatic red illumination, but he did not attempt to explain the 
phenomenon. 

The most thorough work done with monochromatic light was that of Piéron.” 
He employed Wratten filters through which he observed several modifications of the 
Benham disk. Unequal opacity of the filters prevented a comparison of the colors 
in equivalent conditions from the point of view of aberration (lag) of the dif- 
ferent colors, but by varying the speed of rotation he obtained an optimal visibility 
for each filter. With R and O filters Piéron obtained very good colors, With B and 
G filters, the colors were poor. The colors varied with the speed of rotation as in 
white light. Piéron questions whether the mechanism is the same that produces the 
color-effects in white light. He suggests that most likely all the spectral regions are 


* Benham, The — spectrum top, Nature, 51, 1894, 200. 
* Liveing, ibid. 
de W. The artificial spectrum top, #bid., 292. 
* Dawson Turner, The spectrum top, ibid., 439. 
” Henri Piéron, Le mécanisme d’apparition des couleurs subjectives de Fechner- 
Benham, Année ped 2 23, 1922, 1-49. 


4 
4 
al 
i 
wg 
‘ 
itt 
hi 


612 ABEL 


susceptible of acting on all fundamental chromatic processes, but with unequal 
intensity (power) .™ 

The phenomenon of flight of colors after exposure to white light would seem 
to be related in some way to the phenomenon of ‘subjective’ colors, although the 
typical flight of colors including those other than the positive and negative after 
images appears only after longer and more intense stimulation than the color-effects 
from the more immediate and weaker stimulation of black and white patterns. 
Flight of colors has also been observed as a result of monochromatic (sodium-yellow 
in the arc spectrum) stimulation of the retina.” No explanation, however, was 
offered-for this phenomenon. 


No work has been done in observing a stationary black and white pat- 
tern in monochromatic or polychromatic illumination other than daylight. 
Dallenbach and Erb made a thorough study of the subjective colors from 
the -Luckiesh-Moss line pattern under various conditions, but in artificial 
daylight illumination only.1* They found, in the first place, that the pat- 
tern of narrow black lines close together on a white background gives rise, 
when regarded steadily for short periods of time, to the perception of 
pastel colors, usually of low saturation and light tint. The lines were pre- 
dominantly yellow and blue, but covered the entire spectral range. These 
colors appeared: to both naive and sophisticated Os. The colors were more 
pronounced when fixation was not in the plane of the figure. They modi- 
fied the width of the diagonal black lines and the intervening white spaces, 
and they varied the color of the lines and background (i.e. blue lines on 
white, etc.), but no condition was as effective as the original black-white 
pattern. The Os all reported some kind of phenomenal movement across 
or on or between the black lines. 

Our problem was to supplement the work of Dallenbach and Erb by 
determining the effect of observing the original line pattern of Luckiesh 
and Moss in colored light, both polychromatic and monochromatic. 


Procedure. Our general procedure was the same as in the experiment of Dallen- 
bach and Erb.“ The stimulus-figure (see Fig. 1) was a pattern of diagonal lines 
about 0.5 mm. wide and about 1 mm. apart, covering a rectangle 9 x 6.5 cm. and 
printed in dead black on egg-shell white paper. This pattern was presented to the Os 
for 1 min. by means of a simple exposure-apparatus. The following colored lights were 
employed: 

(1) Polychromatic: 
(a) Tungsten lamp in which all colors are emitted in varying proportions, 
the preponderance being at the red end of the spectrum. 


Tbid., 36. 

* A. Ford, Duration of stimulation and the flight of after-images from sodium- 
yellow in the arc spectrum. Psychol. Bull., 28, 1931, 709. 

Op. cit., 227-241. 

Tbid., 234. 
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(b) Quartz mercury arc lamp that contains very little red, fairly bright Y-O 
line (577 and 579 mp), bright Y-G (546 mp), faint B-G (492 mp), 
strong B (436 mp) and violet low in visibility (405 mp). 

(2) Monochromatic: 

(a) Yellow light. Filter: amber OG-3 used with illumination by quartz mer- 
cury arc lamp. Radiations almost exclusively 577 and 579 mp and a very 
little red at 623 and 691 muy. 


Fic. 1. THE STIMULUS-PATTERN 


(b) Green light. Filter: liquid in a circular parallel sided quartz cell with 
illumination by — mercury arc lamp. Radiation at 546 mp with a 
minute amount of 577 and 579 mp. 

(c) Red light. Filter: H-R traffic red with illumination by Tungsten light. 
Transmits light at 623 and 691 mp. 

The filters were placed in a pasteboard eyepiece so that the stimulus-card was 
observed monocularly with the right eye. The intensity of light reaching the eye was 
kept constant for all the light sources. The necessary intensity of light falling on the 
stimulus-card, in order to allow for this constant intensity of light reaching the eye 
(with or without.the filters) was determined in advance.” Adjustments were then 


* The foot-candle power falling on stimulus-card necessary to produce an equal 
intensity of light penetrating the eye: mercury arc plain, 4.1; amber filter (yellow), 
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made by varying the distance of the course of light that was placed behind, but 
slightly above O’s head, and by reading the intensity in terms of foot-candle power 
from a sight meter placed on the stimulus-card. O’s eyes were always at a distance 
of approximately 14 in. from the center of the stimulus-pattern when exposed. 

Five Os served under these five experimental conditions. Two of these Os had 
observed in Dallenbach and Erb’s experiment. Besides these 5 O's, two others served 
in certain parts of the experiment—one with the Tungsten lamp and the red filter, 
the other with the mercury arc lamp and the yellow and green filters. Six of our Os 
were trained psychologists and one was a physicist. 

Every O was first told to look at the stimulus-pattern which was to be exposed 
directly in front of him and describe what he observed. Secondly, he was told to 
look at the stimulus-pattern with far-fixation and do the same thing. Each O ob- 
served the stimulus-card once under the different conditions of illumination. The 
order of presentation of the different light conditions was: mercury arc plain; yellow 
filter; green filter; tungsten plain; red filter, The experiment was carried on during 
the summer of 1934 in the physical and psychological laboratories of Cornell Uni- 
versity. 


Results. As in the case of daylight illumination, both ‘subjective’ colors 
and phenomenal movement were reported by all Os at some time during 
the exposure situations. The main results can be classified in the following 
manner: (1) Differentiation among the black diagonal lines both of hue 
and of brightness (astygmatic effect). Two Os stated that this phenomenon 
occurred particularly when the eyes assumed the position for far-fixation. 
(2) Color in the interstices between the black lines, either filling in all 
the space between the lines or merely along the edges of the lines. (3) Pat- 
terned lines (figures or designs, sometimes beaded, sometimes streaming, 
in motion) diagonally across the parallel black lines. Sometimes these pat- 
terns were black or gray, but more often colored, pastel shades. (4) When 
color phenomena were reported, continual change of the color was ob- 
served, generally in the direction of an increase in saturation. 

Not all the Os reported the phenomena above, nor did any one O al- 
ways report all these phenomena at a given time, although this did occur. 

Under all conditions, except monochromatic red, many color phe- 
nomena were reported. With the polychromatic illumination, the colors 
were generally more vivid and saturated than in the monochromatic light. 
Even in the yellow and green monochromatic lights, however, color phe- 
nomena were observed that were not limited to the color of the light source 
nor to its negative after-image. For instance, in the yellow light, red, green, 
dull orange, reddish yellow, yellowish green and blue (purple is the nega- 


12.2; liquid filter (green), 47; tungsten plain, 3.5; red traffic filter, 27.3. My 
thanks are due Dr. Roger Estey for providing the filters and making the photometric 
determinations. 


‘SUBJECTIVE’ COLORS FROM LINE-PATTERNS 615 


tive after-image of this yellow) were observed at different times. With the 
green light, yellow, bluish green, red, brown and blue (violet is the nega- 
tive after-image of this green) were observed. 

With the red light, however, only various shades of red (one instance of 
orange) were observed. The streaming phenomenon across the diagonal 
black lines was reported, but this was either a gray pattern or reddish. 

Unfortunately, all the observations in this experiment had to be carried 
on under conditions of low illumination because of the low intensity of light 
capable of penetrating the filters, particularly the red filter. Consequently, 
the intensity of illumination was in no way comparable to that in the ex- 
periment with the daylight illumination. It will be a matter for further 
investigation to find out the influence of the intensity of the illumination 
on the nature of the color phenomena observed.’* 

Summary. We may summarize the results of this study as follows: 


(1) The same phenomena were observed in colored light sources as in the previous 
experiment when daylight illumination was employed. 

(2) The color phenomena reported in polychromatic illumination are apparently 
analogous to the phenomena reported by other experimenters who have employed 
temporal patterns of intermittent stimulation of ‘white’ light upon adjacent retinal 
fields.** 

(3) The color-effects reported in the present experiment under monochromatic 
illumination need further explanation than that of aberration of polychromatic light 
in a temporal sequence, since no polychromatic light is or was present. The tri- 
receptor theory of Young-Helmholtz states that a given receptor in the retina is not 
only sensitive to a given wave-length but is also sensitive to the other wave-lengths 
of the spectrum, but to a less degree.* Consequently, it is conceivable that under 
certain conditions not well understood of intermittent stimulation by temporal and 
spatial patterns, in monochromatic light, the equilibrium of the receptors (cones) is - 
broken down in some way beyond that of the complementary balance so that they 
respond as though stimulated by different wave-lengths. 


* With illumination of greater intensity various color phenomena were reported 
with the red filter. 

™ The ‘white,’ of course, is not always observed as white but as colored by the 
predominant hue in the polychromatic illumination, i.e. red with illumination by 
the Tungsten lamp. 

*S. Hecht, The retinal processes concerned with visual acuity and color vision, 
me No. 4, Howe Laboratory of Ophthalmology, Harvard Medical School, 1931, 

7-80. 
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NEW METHODS OF OBTAINING NEUROTIC 
BEHAVIOR IN RATS 


By GeorcGeE HUMPHREY and FRED MARCUSE, Queen’s University 


In a recent monograph, Maier described certain disordered activities 
that he obtained in the rat. We have succeeded in duplicating his results 
by techniques entirely different from his. Maier used Lashley’s jumping- 
board—technique, according to which the rat jumps from a platform at 
one of two patterns, behind one of which is food. Acutely disordered 
behavior (‘neurotic’) was produced when one pattern was removed, 
leaving the animal no choice but at the same time forcing it to jump by 
turning a jet of air upon it. 

We have used a new series of stimuli, graded in severity, partly on 
normal rats, partly on a small group of animals in which chronically 
disordered behavior has been induced by a method to be described. The 
method apparently permits of differentiation between these two groups, 
and clearly contrasts what may be called a chronic and a traumatic stage 
of abnormal behavior. 

In order to induce chronically disordered behavior, 10 rats were trained 
by daily runs for 25 days in a Warner-Warden multiple Y-maze, set up 
in the type left, right, left, right, foodbox. The foodbox had no bottom 
so that the rat and its food were in direct contact with the floor of the 
room. With 6 of the animals the foodbox was moved along the floor, 
after the animal was in the box and the door closed. Movement was care- 
fully effected so as not to cause pain; the extent of movement varied from 
4 to 10 ft., with no appreciable effect on immediate behavior, except that 
the animals did not eat until movement ceased. The relation of this move- 
ment to the animal was something like that of a revolving door, which is 
being pushed by someone else, to a pedestrian. The remaining 4 rats were 
trained in the ordinary way, with a stationary foodbox. 

Results. (a) Chronically disordered behavior. The 6 rats whose food- 
boxes were moved were consistently above the 4 unmoved controls in 
their scores, both for time and error. The 4 controls satisfied the criterion 
for learning; namely, 5 errorless runs, within 16 days, but not one of 
the 6 experimental rats did so within 25 days. The curves for the experi- 
mental animals are strikingly more irregular than those of the controls, 
both in time and errors. At the same time there appeared in the experi- 


* Accepted for publication August 10, 1939. 
*N. R. F. Maier, Studies of Abnormal Behavior in the Rat, 1939, 1-81. 
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mental animals the following activities which are significant of disorder. 
(1) “‘Belly-crawling”—.e. crawling upon the belly through part of the 
maze or when finally moving into the foodbox—was observed in the 
behavior of all 6 experimental animals and on several occasions by each 
of them. (2) Loud gnashing of the teeth was frequently heard—louder 
than the chattering that these animals ordinarily make. (3) Spasmodic 
starts from one side to the other of a cul-de-sac were common; as was 
also (4) shivering. There was (5) frequent biting of the door of the 
foodbox and also at the metal mesh at the top of the culs-de-sac. The 
rats (6) frequently moved hesitatingly back and forth a few inches at a 
time when they arrived at the entrance to the foodbox. When half way 
into the foodbox, they would frequently (7) withdraw—sometimes com- 
pletely retracing the maze (with or without errors) and then return 
again to the foodbox (with or without errors). All these actions were 
observed in all the rats during the 25 days of their training.2 None of 
them was observed in any of the control animals. 

Further analysis showed that while the experimental animals never 
learned the maze in the sense that they achieved errorless runs into the 
foodbox, 5 of the 6 learned to run as far as the door of the foodbox 
without error. In that they achieved the criterion of 5 errorless runs by 
times varying from the 12th to the 27th day. That is to say, these animals 
ran to the door of the foodbox, probably to within sight of the food, 
without a mistake—and did that on 5 successive trials. They then retraced 
their steps making mistakes, behaving abnormally and so on, spending 
in this way the rest of the time before they entered the foodbox. The 
sixth experimental animal did not even learn to reach the door of the . 
foodbox without error during the 25 trials. 

It is hard not to use anthropomorphic terms in describing these animals. 
The most natural description seems to be that the animals knew the way 
to the foodbox but were prevented from entering it by some conflicting 
motive..In terms lately made fashionable by Lewin, one may say that there 
was apparently present a cognitive structure corresponding to the maze, 
with conflicting valencies at the foodbox. The conflict is evidently one 
which is very difficult, perhaps impossible for the animal to resolve.* It 


*No attempt was made to make a quantitative record of such behavior. The 
records show teeth chattering, 22 observations; belly crawling, 20; spasmodic starts, 
16; shivering, 15; biting at door, 14. Since more than one person was engaged 
in training the rats, which in the case of the abnormal animals is a very protracted 
business, and since no scheme of annotation was adopted until late in the experi- 
ment, these figures are suggestive rather than exact. 

* Except by some special device, such as was adopted by one rat who made a 
practice of snatching out the food before the door of the foodbox could be closed. 
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apparently induces a condition of ‘nervous strain’ which results in the 
chronically disordered activity above described. It may be mentioned that 
85 rats were handled during the experiment by the junior author, who 
was bitten 4 times in all, each time by one of the chronically disordered 
animals. Total daily errors of a separate group of 4 animals trained 
similarly were temporarily reduced, by 2 cc. of a 10% solution of alcohol, 
from 9 to 0, and the average running-time was reduced from 22 sec. to 
7 sec. These effects occurred the day after the alcohol was given them— 
the 38th day of the experiment. A similar result was obtained after a second 
dose of alcohol—given 5 days later. This finding is reported as suggestive 
rather than as scientifically conclusive. 

(5) Acutely disordered behavior. .Maier reports highly excitable be- 
havior in his rats, followed by a plastic phase, in which the animal could 
be taken in the hand lying on its back, and its limbs ‘moulded’ by the 
experimenter. We have obtained these effects by a procedure different 
from his. Stimuli of three grades were used. S, consisted of ringing an 
electric bell (2 dry cells) for 3 min. on the floor of the carton on the 
upper surface of which the animal was placed. S, consisted of ringing 
the bell for 3 min. close up to the cage, and on the same plane with it. 


S, consisted in swinging the cage gently 5 or 6 times with an oscillation 
of 180° while the bell was ringing in the position of S,. Thus §,, S,, 
and S, were of progressive degrees of ‘severity.’ Experiments were mainly 
confined to S, and S,, though seizures were obtained by all three methods. 
Table I shows the results obtained at the first trial of the stimulus in 
question. S, was not used at a first trial. 


TABLE I 
Numeer or Szizures Ostarnep AT First TRIAL OF THE Various Stmmutus-Grapes 


Stimulus- 
No. fi 
Rats grade No. males No. females No. seizures 


24 
Normal S: 
Ss 23 


Chron. dis. Si 6 


It will be seen that while S, induces seizures in nearly 50% of normal 
male rats, S, has no effect on 24 males and induces a seizure in only 1 
of 26 females. On the other hand, S, induces seizures in 3 (7.e. 50%) 
of 6 chronically disordered males. 


This was a rational solution of the problem; the animal obtained the food without 
being moved. The records show that this animal’s performance improved in time 
and errors after he had found this solution and before means were taken to bar it. 
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(c) Nature of seizure. The seizure as observed by us consists essentially 
in very violent motor activity. The animal begins by violent jumping 
round the cage, from one to another of the four walls, hardly pausing 
between each jump. Sometimes he appears to wound his nose during this 
behavior. When the cage door is opened, he leaps out on to the floor, 
rushes madly round and round in circles, or straight across the room, 
bumping headlong into chair legs and walls, and at times making great 
leaps across the floor. There is sometimes a peculiar noise, between a 
grunt and a squeak. Sometimes the rat leaps up directly into the air. One 
stunned itself for over a minute. Functional paralysis of the front legs 
often developed during seizure. In all, 40 seizures were observed. Of 
these, 28 were obtained from 3 rats; and of these 28, 6 were produced 
by S,, 3 by S,, and the rest (19) by S,. All three of these disordered rats 
became adapted to S, and S, after two or three stimulations, and there- 
after S, was used. 

(4) Plastic phase. As observed by us, the plastic phase consists in 
complete inactivity immediately succeeding the excited phase. The animal 
can be taken in the hand, laid on its back and its legs stretched out or 
moulded,to use Maier’s term. The feet and tail are bluish, the nose red, 
possibly owing to wounding in the cage. The hind toes are often rigidly 
outstretched, in contrast to the closed toes of the front feet. There is loss 
of the reflex to tickling the feet and in three cases there was loss of the 
blink reflex to a puff of air. A sharp pinch of the tail or pulling the 
vibrissae has no effect. The neck is drawn up in a peculiarly stiff posture. 

Summary. Acute neurotic behavior was produced on 40 occasions in 
15 rats, by a graded series of stimuli. The least ‘severe’ stimulus, pro- . 
duced seizures in 3 of 6 chronically disordered male rats, had no effect 
on 24 normal males, and produced a seizure in one of 26 normal females. 
The most ‘severe’ stimulus produced seizures in 11 of 23 normal males. 
The rats were throughout in good physical condition, as far as could be 
judged. Experiments are now proceeding to effect a standardization of 
the stimuli and, since the number of the chronically disordered animals 
is admittedly small, to confirm the results on a larger scale. 
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THE NEUROVOLTMETER 


By EDMUND JACOBSON, Chicago, Illinois 


One of the greatest needs today in clinical as well as in research medicine is.a 
convenient method and instrument for the measurement of nervous and of muscular 
states in man, With such an instrument the worker can enter fields new in the 
sense~that they have seen much speculation but relatively little that can be measured 
in the clinic or in the laboratory. What happens in an individual when he is nervous 
or tense is obviously of great importance to the general practitioner as well as to 
the specialist. The complexities are so great, however, that little more than a be- 
ginning has been made. Workers interested in problems of nervousness may be 
tempted to begin with a definition; but the route here preferred is to secure 
measured data which will lead toward a definition. 

In previous articles, I have shown that it is possible to measure what is clinically 
called ‘nervousness’ in intact man. This is accomplished without the use of an 
anesthetic, but also without noteworthy discomfort or psychic disturbance. Measure- 
ments of action-potentials are made in muscles or in nerves as desired. The Ss 
have included normal persons, but also patients suffering from various disorders, 
including neurotic or so-called ‘nervous’ or ‘hypertensive’ individuals. I have de- 
scribed methods whereby action-potentials from one or more muscles or nerves can 
be photographically recorded over a considerable period of time such as an hour.’ 
The results can be presented in various ways; namely, as the photographs themselves, 
or as a curve in which action-potentials are plotted against time. A third manner 
of expressing the results is to average the peak microvoltage per unit of time 
(% sec.) for the desired period of test and to express the result as a single number. 
For example, an individual who, during a given hour of test, showed an average 
of 5 to 10 microvolts certainly was very tense or nervous throughout much or all 
of the period. On the other hand, if the number was about one microvolt or under, 
the average was not far from that secured from a group of unselected or so called 
‘normal’ individuals. 

For these purposes, either a string galvanometer or an oscillograph with a 
suitable amplifier assembly can be employed. I have preferred the string gal- 
vanometer. It is necessary to have the apparatus sufficiently stable so that the 
recording string or wire vibrates very little when a short circuit exists across the 
input of the amplifier. Indeed, the vibrations of the string should not at the most 


* From the Laboratory of Clinical Physiology. Read before the American Associa- 
tion for the Advancement of Science, Section I, Psychology, June 22, 1937. 

1Edmund Jacobson, Electrical measurements concerning muscular contraction 
(tonus) and the cultivation of relaxation in man; studies on arm flexors, Amer. J. 
Physiol., 107, 1934, 230-248; Electrical measurements concerning muscular con- 
traction (tonus) and the cultivation of relaxation in man: relaxation-times of indi- 
viduals, ibid., 108, 1934, 573-580; Electrical measurement of activities in nerve 
and muscle, in The Problem of Mental Disorder, ed. by M. Bentley and E. V. Cowdry, 
1934, 133-145; Measurement of the action-potentials in the peripheral nerves of 
man without anesthetic, Proc. Soc. Exper. Biol. & Med., 30, 1933, 713-715; The 
course of relaxation in muscles of athletes, this JOURNAL, 48, 1936, 98-108. 
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exceed 2 or 3 mm. in either direction. What is required, however, with this degree 
of stabiJity is that the string should show a definite excursion from the zero axis of at 
least several millimeters per microvolt p.d. impressed upon the input terminals of the 
amplifier. 

With such methods of recording it is a long and arduous task to secure a graph 
representing the variations of the action-potentials from a nerve or muscle during 
the period of an hour or so. Evidently it would be useful if we could secure some 
instrument which would simplify this task by integrating the voltages at a particular 


Fic. 1. THE NEUROVOLTMETER 


instant. In Fig. 1, is a photograph of the instrument designed to perform this 
sort of integration. This has been worked out with the collaboration of the Bell 
Telephone Laboratories including the help of Messrs. H. A. Frederick, D. G. 
Blattner, and H. M. Stoller, to whom I wish to acknowledge great indebtedness. 

The method for the use of this instrument is extremely simple and convenient. 
Fine platinum-iridium wires with very sharp points are inserted into whatever 
muscle tissue or nerve is selected for measurement purposes. These wires are pro- 
tected with insulating tape so that there is no exposure of platinum to air. Both 
the wires and the skin are previously sterilized with alcohol. Because the wires 
are very fine as well as sharpened, they are readily inserted with no marked discomfort 
and the patient does not as a rule complain about their presence. Surface electrodes 
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can be used, if preferred, thereby avoiding penetrating the skin: Leads connect the 
wires to the input of an amplifier. The amplifiers I employ most commonly show 
a fairly flat characteristic from about thirty to four thousand. The amplifier is 
connected to the input of the instrument which is to be seen in Fig. 1. A diagram 
of the circuit is shown in Fig. 2. 

It is necessary to be able to vary the sensitivity of the meter and this can be 
done very readily by means of a variable shunt placed across the meter or across the 
entire circuit. If the patient is relatively calm and relaxed no shunt at all will be 
required; but if the patient is very excitable or tense the needle will at once shoot 


up to the highest point unless a shunt is used. 


2. Cirncuir DIAGRAM OF THE NEUROVOLTMETER 
The input terminals, plate and ground, are connected with the output terminals of 
the amplifier described previously, which delivers an open circuit voltage on the 
order of 7 millivolts. The input transformer has an approximately 15:1 step-up to 
the grid of a 246B vacuum tube. This tube operates on 0.3 ampere at 1.5 volts 
on the filament and 45 volts, 2 milliamperes in the plate circuit. The microammeter 
is connected in series with a 4 microfarad blocking condenser across the choke coil 
in the plate circuit. A strap key is provided which normally short-circuits this meter 
to protect it from transient disturbances. With 7 millivolts applied to the input 
terminals of the amplifier the meter reads approximately 20 microamperes. This 
makes it possible to cover a range of input voltages from 2 to 25 millivolts im- 
pressed upon the amplifier. By means of an adjustable shunt (1-10000 ohms) on the 
output of this amplifier, the necessary range for all measurements of nerve and 
muscle potentials can be cov 


The actual procedure in making a measurement is simply to insert the electrodes 
in a patient who may be lying down or sitting up as desired, press the key and read 
the meter. The preparations require but a few minutes and the meter affords instan- 
taneous readings. 

Meter readings secured with any perticular shunt resistance can be standardized 
readily. An essential step is to read the meter when a short circuit exists across the 
input of the amplifier. For example, with a shunt of 3000 ohms, the meter reading 
is 2, When 1 microvolt is impressed the reading is 6, and when 10 microvolts are 
impressed the reading is 68. There is a little discrepancy here, showing that a little 
more work will need to be done to correct this point. We find, however, that the 
needle deflection is approximately 7 scale-divisions on the micro-ammeter per micro- 
volt. 

Seven scale-divisions is a large deflection for only one millionth of a volt. To 
effect this deflection, as you will have noted from the circuit diagram, the potentials 
from the electrodes in the nerve or muscle tissue are rectified. In other words we 
are securing a power reading and this should prove very useful for many research 
purposes as well as for divers needs in medical practice. 

Fig. 3 illustrates how the instrument can be standardized for photography of the 
deflections of the needle. It shows how far, in millimeters, the needle moves for 
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one microvolt (Fig. 3a) and for 10 microvolts (Fig. 3b) and it shows how tightly 
the string is set (Fig. 3c). Photographs can be made if the meter is removed from 
the cabinet and placed in the path of the rays from the lamp of the string gal- 
vanometer. A small projecting rod, such as a broomstraw, is fastened perpendicularly 
to the tip of the needle in order to record the position of the needle on the same 
photograph as shows the string shadow. This changes the natural period some- 
what, but we can ignore this change, since it is not designed for common use but 
only to permit us here to illustrate some of the characteristics of this meter. 

For muscular studies in man, it is convenient to insert one electrode (positive) 
in the right biceps muscle near the midline (but below the “nervous equator” of 
Hermann) and the other under the skin in the olecranon fossa. This has been done in 


Fic. 3. RESPONSE OF NEUROVOLTMETER 


(a) To 1 microvolt, 57 cycles. Position of the needle indicated by arrow corresponding 
with meter reading 2 microamperes. (b) Arrow indicates pains of needle re- 
sponding to 10 microvolts. Meter reading 68 micro-amperes. (c) Speed of photo- 
graphic paper, distance between vertical time lines = 0.2 sec. String tension, ap- 
proximately 3 millivolts per centimeter. These features apply to Figs. 4, 5, 6, and 7. 


preparation for Fig. 4, which illustrates complete relaxation in the forearm flexors 
as shown by the string galvanometer as well as by the position of this needle. 
Here, as may be observed, the needle follows a quiet course corresponding with 
that of the string. 

As will be recalled from studies previously published from this laboratory, mental 
activity itself can now be measured, in so far as its occurrence characteristically 
includes activity in peripheral nerves or muscles. Fig. 5 illustrates what commonly 
happens when S$ merely imagines lifting a 10 lb. weight in his right hand. As will 
be seen, the deflections of the string become very marked while the excursion of 
the needle evidently integrates the same potentials. To be sure, the period of the 
needle is relatively slow: there is a considerable lag before the needle returns to 
zero, following the recurrence of complete relaxation. 

A record from the same muscles in a patient who is somewhat tense is shown 
in Fig. 6. Several years after a skull fracture sustained by compression from a folding 
bed, she continued to be in a somewhat over-emotional or ‘nervous’ state, although 
her outward demeanor appeared calm. Here, although she is trying to be as quiet 
as possible, the string shows marked fluctuations continuously and irregularly and 
the meter reading is continually up in the neighborhood of 4 microvolts much of 
the time. Another illustration from the same patient is shown in Fig. 7. At a later 
date, when this patient had become less nervous, the readings are more like 
those shown in Fig. 4. 

As stated previously, the new instrument should have many uses for the medical 
practitioner as well as for the research student. Therewith he can determine pre- 
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Fics. 4-7. SAMPLE RECORDS 


Fig. 4. Complete relaxation in a muscle as shown by the string galvanometer (lower 

tracing) as well as by the position of the needle (upper tracing). Voltage sensi- 

tivity of the string galvanometer assembly approximately 7 millimeters per micro- 

volt, A.C. in this and in each of the figures following. Read all figures left to right. 
In all records appearing in this article, S is lying quietly, with eyelids closed. 


Fig. 5. Action-potentials in muscles which flex the forearm when S merely imagines 
lifting a 10 Ib. weight in his right hand. Signal line at the bottom indicates clicks 
of telegraph key; the first, at the beginning of the line, indicates to S$ that he is 
to imagine lifting a weight; the second, at the end of the line, that he is to relax 
any tensions present. Electrodes are inserted in the right biceps muscle region. The 
middle tracing, made by the string galvanometer, indicates action-potentials from 
the right forearm flexors (as in lifting), beginning about one second after the signal 
to imagine and ceasing soon after the signal to relax. The remaining tracing, which 
begins on the left near the top, is made with the neurovoltmeter, using a shunt 
resistance of 3000 ohms. As will be seen, it greatly resembles the form of a 
mechanical record of muscular contraction. (Over the beginning of the signal line 
a brief excursion appears in each tracing, which is to be ignored, since it is due 
to an inductive effect upon closure of the signal circuit.) 


Fig. 6. Record from the right biceps-brachial muscles in a somewhat tense or 
‘nervous’ patient. Note the action-potentials shown in the lower tracing (string 
galvanometer), including the recurrent firing in one group, overshooting the others 
in amplitude. Note also the parallelism in the middle tracing (neurovoltmeter). No 
shunt across the neurovoltmeter. Scale reading, 13 micro-amperes per microvolt, A.C. 
The short-circuit line (zero reading) lies about 6 mm. from the top of this record. 
Fig. 7. Another sample from the same patient. Note the action-potentials, continu- 
ously varying around about 2-3 microvolts (lower tracing: from the string gal- 
vanometer), while a parallel recording of the same muscle tension appears above 
from the neurovoltmeter, which is here set at a somewhat less voltage sensitivity 
than in Fig. 6. The short-circuit line (zero reading) lies about 1.5 mm. above the 
upper portions of the neurovoltmeter tracing. 


cisely how nervous or tense his patient is at a particular time when he wishes to make 
a diagnosis. He can test also the effects of any form of treatment which he has 
chosen to employ so far as they are shown in the nervous or muscular system. In 
these various ways the instrument may prove of service for treatment as well as for 
diagnosis, 
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SUPPLEMENTARY EQUIPMENT USEFUL IN RESEARCH ON 
EYE MOVEMENT 


By JAMEs S. KARSLAKE and JOSEPH TIFFIN, Purdue University 


Three pieces of equipment, recently developed in connection with research in 
eye movement, that are also of interest to the general laboratory technician, are as 
follows: (1) exposure-device; (2) tachistoscope with remote control switch; and 


Fic. 1. SUPPLEMENTARY EQUIPMENT FOR RESEARCH IN EYE MOVEMENT 


(3) writing table. These are illustrated in Fig. 1. This equipment was developed 
from the need for an easy and effective means of presenting advertising copy to 
the reader, in connection with investigations on the attention-value of advertising. 

The exposure-device has been employed for the presentation of a series of ad- 
vertisements, and when used in connection with a tachistoscope (time-interval con- 
trol device), such factors in the study of advertising, as, what sort of material first 
attracts the attention, and what material attracts the most attention, may be inves- 
tigated. For example, one may undertake to arrange a number of advertisements in 
their rank order of merit, from most attractive to least attractive. Such a study may 
be made by pairing each in the series of ads with every other ad in the series, and 
exposing each pair to the attention of the reader for a definite interval of time. 
Once such a series has been so constructed, it may be used as a basis for deter- 
mining the attention-value of any other ad it may be of interest to investigate. To 
evaluate a new ad on this basis, one need simply determine which ad in the stand- 
ardized series a number of observers find to be equally attractive, 
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To prepare ‘advertising copy for use, the ads are mounted on a series of rec- 
tangular cardboards and stacked in the order in which they are to be presented. 
The cards are then hung from the top, on a pin, and will be seen in the proper 
order as they are fed through the exposure device. The cards are fed through by 
pressing a plunger on the back of the panel, causing the front card, or pair of 
cards, to drop into the box below, and presenting the second card, or pair of cards, 
to the attention of the reader. If the room is darkened between one presentation and 
the next, and if the reading lights are controlled by the tachistoscope, each succes- 
sive pair may be exposed for a predetermined interval of time. 

A photographic record of the eye movements of the reader, taken while he is 
obsérving- the material as it has been presented above, is considered to be objective 
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Fic. 2. DIAGRAM OF THE FUNDAMENTAL CIRCUIT OF THE TACHISTOSCOPE 


evidence on the attention-value of whatever copy is under investigation. On the 
basis of such an eye movement record, this series of ads may be arranged in their 
order of merit. In making any such photographic record, both lights and camera are 
controlled by the tachistoscope. While the master switch on the panel of the 
tachistoscope is used to control both reading lights and camera, the tachistoscope, 
in reality, controls the length of time both lights and camera are on; the operator 
merely determines when the interval is to begin, and does so by closing the master 
switch. The tachistoscope darkens the room and stops the camera after a definite 
interval of time has elapsed. The range of time intervals available on our tachistoscope 
is from 0.1 to 15 sec., and the interval to be used is a matter of choice. After 
any given interval has been chosen by an appropriate setting of the time-control 
switches, the time-interval during which lights and camera are on may be repeated 
time after time, wholly by means of the master switch. This master switch on the 
panel of the tachistoscope, is in parallel with a remote control switch, the use of 
which allows the experimenter considerable freedom of movement during an ex- 
periment, independently of wherever the tachistoscope may have been placed in 
relation to the other equipment. 

The writing table is for the convenience of the reader whenever he may be re- 
quired to make any sort of written response in connection with the material he is 
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reading, as, for example, in studies on problem solving. This table has been so 
constructed as to change the paper at the press of a button placed at the foot of 
the reader, permitting him to make a change in the paper without diverting his 
attention from the problem at hand. Here, too, the tachistoscope has been so ar- 
ranged as to control the change in paper. 

For the information of those who may be interested in constructing similar equip- 
ment, a more thorough explanation follows: 

(1) Exposure device. The cards, on which the advertisements are mounted that 
are to be presented for a study of their comparative attention-values, are hung in 
the device on a pin inserted through eyelets placed in the top edge of every one. 
Blank cards hung in front of the first pair prevent the reader from seeing any copy 
until the experimenter is ready to begin. After darkening the room, a plunger at the 
back of the device is used to release the two blank cards in front, which then drop 
through a chute into the box below. The first pair of ads are then in a position to 
be seen for an interval of time controlled by the experimenter. By means of either 
the master or remote control switch, the tachistoscope is used to start the camera, 
flash the lights on for a definite time interval, flash them off, and stop the camera. 
The experimenter makes ready to present the next pair of ads to the reader, while 
the room is dark, by dropping the front pair into the box below, and resetting 
the tachistoscope. 

Only one card at a time is released from the front end of each pin because of 
the small clearance between the pin ends and a stop extending across the front top 
edge of the cards. As the pins are adjustable in length, this clearance is just suf- 
ficient to release the cards one at a time when the plunger at the back of the panel 
is pressed forward. To be effective, the cards must be of uniform thickness, smooth 
and flat. 

(2) Tachistoscope with remote control switch. Basically the operation of the 
tachistoscope (see Fig. 2)? depends upon reducing, for a short interval of time, the 
negative bias on the grid of a three-electrode vacuum tube, during which time- 
interval, the flow of plate current actuates a relay, temporarily completing an ex- 
ternal circuit. The length of time during which the external circuit is closed de- 
pends upon how long the grid bias is insufficient to overcome the flow of plate 
current through the tube. This interval of time depends upon the size of condensor 
(C) and leakage resistor (R) in the grid circuit. By means of a single-pole, double- 
throw switch (S),.a positive charge (45 volts) placed on one plate of condensor 
(C) attracts to the other plate, a negative charge which must be withdrawn from 
the grid, allowing plate current to flow until a sufficient charge of electrons from 
the power supply can flow through the leakage resistor (R) to re-establish the nega- 
tive bias on the grid. The choice of time intervals, then, is merely a matter of se- 
lecting the proper size of resistor (R) and condensor (C) to be used in the grid 
circuit of the vacuum tube. Tap switches for the purpose of choosing any combina- 
tion of a number of resistors and condensors, then, will serve to select any timed- 
interval within the range of values available. To repeat any given timed-interval, 
switch (S) is used to reset the circuit, by short-circuiting the condensor. 

Based on the above principle, a multiple tachistoscope (see circuit diagram; 


* Acknowledgement is made to Mr. Paul Griffith of the State University of Iowa 
for suggesting this fundamental circuit. 
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Fic. 3. Cincuir DIAGRAM OF THE ELECTRONIC DEVICE FOR TIMING THE OPERATION 
OF CAMERA, READING LIGHTS, AND WRITING TABLE 


Fig. 3) was constructed for simultaneously controlling both the camera and reading 
lights. In this tachistoscope is a central switchboard consisting of a triple switch, 
actually three double-pole, double-throw switches. The combination of elements, 
and the way in which they are to be arranged for single-switch control, is deter- 
mined by the position of these three double-pole, double-throw switches. Single- 
switch contro] is obtained with either one of the two switches marked panel con- 
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trol switch or remote control switch on the circuit diagram. One or the other of 
these master switches enables the operator to control any combination of lights and 
camera from anywhere within a distance of 15 feet, either tachistoscopically or 
non-tachistoscopically, at will, and to reset the tachistoscope for repeating the timed- 
interval.. The range of timed-intervals with the values of R and C shown on the 
circuit diagram is, by steps, from 0.1 to 15 sec. 

Incorporated within the same unit is a similar circuit for timing the operation 
of a motor used to replace the paper on the writing table. 

(3) Writing table. In this device, a roll-of 7-in. adding machine paper is threaded 
out through a set of sponge rubber rollers over a pane of glass set flush with the 
table top, and drawn on over through a second set of motor driven rollers. A light 
box beneath the pane of glass illuminates the writing surface from below. The foot 
control button indirectly closes the circuit through the motor drive for a period 
of time controlled by the tachistoscope. Releasing the foot button resets the 
tachistoscope for the next occasion. 

As has been indicated in the foregoing discussion, this equipment is particularly 
well adapted to the study of consumer interest in advertising. It seems quite possible, 
however, that it might be found of value in various other types of research prob- 
lems, such as the study of reaction times in response to various visual stimuli, as a* 
simple substitute for the metronoscope in increasing the speed of reading, or in any 
type of research employing the presentation of a visual. stimulus. 


A NEW OBSTRUCTION BOX 
By G. L. FREEMAN, Northwestern University 


In the usual type of obstruction box the animal is re-introduced to the starting 
compartment after each successful crossing.’ Such handling may very well interfere 
with goal orientation and so effect behavior measurements. Furthermore, the fact 
that only one type of obstruction (shock) is readily used does not commend the 
method for studies of frustration in which barriers of varied type are needed. A 
new obstruction box now in use in our laboratory seems to meet these difficulties 
and to present certain other advantages for the study of frustration and motivation 
in rats, 

The apparatus (Fig. 1) consists of a continuous runway, divided into eight 
segments and arranged so that obstructing barriers may be introduced into each 
segment, The goal object (food or mate) is placed in a basket and moved around 
the runway somewhat after the fashion of the mechanical ‘rabbit’ in whippet racing. 
After systematic deprivation, the animal is introduced in a segment of the runway 
and allowed to connect with the goal object at a ‘choice-point.’ Then the basket 
is quickly withdrawn and moved across a ‘barrier’ by the experimenter, who stands 
in the center of the apparatus. In order to make further contact with the goal, the 
animal must now leave the choice-point and pass through the barrier. When such a 


*F, A. Moss, A study of animal drives, J. Exper. Psychol., 7, 1924, 165-185; 
C. J. Warden, The relative strength of the primary drives in the white rat, Ped. 
Sem., 41, 1932, 16-33. 
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reaction is made the animal is again allowed a momentary connection before the 
basket is moved ahead. Segments of the apparatus lying behind each new choice- 
points are closed off so that the animal is always presented with the alternatives 
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Fic. 1. A NEw OBSTRUCTION Box 


of advancing against obstruction in order to achieve a goal or remaining at the 
choice-point. Several types of barrier are available: (1) a continuous galvanized steel 
trough running under the choice-points is filled with water of constant tempera- 
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ture; (2) the trough may be drained and an electric shock delivered to the animal 
as he starts from a choice-point down into the now empty trough; (3) hinged covers 
may be dropped over the exposed part of the trough and weighted wire gate bar- 
riers placed between choice-points. Barrier as well as goal object is not changed in 
a given test period. 

In actual practice if an animal stays at a choice-point or refuses to cross the bar- 
rier within an arbitrary time limit of 2 min., the goal object is again momentarily 
presented and withdrawn. This makes it possible to put the animal, technically at 
least, through a fixed number of units each day. Since the total number of units 
crossed has been found to correlate highly with average time spent per unit, we 
have usually chosen to end a day’s run at the eighth unit and to permit full con- 
nection with the goal therein; animals who do not actually cross the entire eight 
units are not so rewarded before removal to the home cage. A few preliminary runs 
against a barrier at minimal potency are necessary to make the animal goal-oriented. 
When systematic experimentation begins the barrier is advanced to maximal potency. 

By use of this apparatus it is possible to obtain several quantitative measures of 
behavior. These include: (1) time spent in obstruction unit (average and m.v.); 
(2) number of physical contacts with the barrier; (3) amount of vacillatory activity 
at a choice-point (turnings, tentative approaches) ; (4) number of regressions (re- 
fusal to advance upon the barrier or to maintain goal-orientation) ; and (5) elimina- 
tive behavior. It is also possible to obtain at choice-points measures of galvanic skin 
resistance by an adaptation of the potentiometer technique described by Muenzinger 
and Mize.’ 
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A MODIFICATION OF THE DARROW BEHAVIOR RESEARCH PHOTOPOLYGRAPH 


The Darrow Behavior Research Photopolygraph* is designed to record various 
physiological phenomena on a roll of photographic paper 175 ft. long and 6 cm. 
wide. The paper recommended by the manufacturers is P.M.C. normal white glossy 
bromide paper no. 1,” wound on core no. 93. At the current price of $3.15 per 
roll, this paper costs 1.8¢ per ft. A substantial reduction in the cost of operating 
the photopolygraph can be effected by slightly modifying the camera so as to 
permit the use of Insurance Bromide paper, Grade A,’ which at the current price 
of $2.65 per 250-ft. roll, costs only 1.06¢ per ft. Insurance Bromide is 234 in. wide, 
wound on core no. 1. 

In order to convert the photopolygraph for the use of the slightly wider Insurance 
Bromide paper, it is necessary to widen the driving mechanism. This may be done 
by inserting a no. 8 brass washer at the end of each of the spacers of the driving 
mechanism. The bearing-plate which is thus moved from its former position is 
then soldered to the two pieces which form the slit of the camera. To remove the 
driving mechanism from the camera, detach the upper gear from its shaft and 


?K. F. Muenzinger and R. H. Mize, The sensitivity of the white rat to electric 
shock: threshold and skin resistance, J. Comp. Psychol., 15, 1933, 139-148. 

* Darrow, C. W., The behavior research polygraph, J. Gen. Psychol., 7, 1932, 
215-219. 

*C. H. Stoelting Co., Chicago, Illinois. 

* Manufactured by Eastman Kodak Co., Rochester, New York. 


632 APPARATUS NOTES 


remove the two screws which are directly above the gear train. The driving mechanism 
can then be slid out from the other side of the box. 

Since the Insurance Bromide is thinner than the P.M.C. Bromide, the large 
removable roller should be covered with a piece of latex pneumograph tube in order 
to prevent the small driving roller from slipping on the paper. A strip of felt glued 
into the groove in the inner side of the lid of the metal paper magazine serves to 
provide room for the wider roll of paper and also maintains a light-proof joint. 

The Insurance Bromide is a more sensitive paper than the P.M.C. Bromide. 
It is thus necessary to replace the red glass in the side of the photopolygraph with 
a piece of opaque material. Furthermore, a 15-c.p. single contact lamp should be 
substituted for the 32-c.p. lamp with which the apparatus is equipped. 

The following developer has been used satisfactorily with the P.M.C. Bromide 
paper exposed by a 32-c.p. lamp: 


Potassium bromide 
Elon 
Hydroquinone 
Sodium sulphite 
Sodium carbonate 


In using the Insurance Bromide at a speed of 4 mm. per sec. with the 15-c.p. lamp, 
this developer should be mixed with an equal amount of water. At a speed of 
2 mm. per sec., one part of developer to 2 parts of water is satisfactory. 

University of Missouri FREDERICK A. COURTS 


A MopiFiep GALTON BAR 


Judgments made on the Galton bar ordinarily found in the laboratory are 
frequently affected by visual cues on the face of the apparatus, e.g. flecks of dust, 
scratches, dents, and paint-blemishes. The involuntary or deliberate use of those 
cues introduce a source of error into the Os’ judgments which may render the 
measurements invalid. We have, therefore, adopted in our laboratory a modification 
of the apparatus—first proposed and successfully used by Hamilton in 1929'°— 
which eliminates all of those cues. Because Hamilton’s modification is not generally 
known, we present here the essential features of our modification. 

The usual bar-apparatus is placed in a large light-proof box into which O looks 
through an eye-piece. The standard and variable bars are adjustable slits mounted in 
' the rear of the box. The slits are backed with a large piece of frosted glass, which 
diffuses the illumination—a bank of lamps, a Lumiline, or a north window. On 
looking through the eyepiece O sees two bars of light against a black background— 
no details of which are visable. Judgment of relative extent is, consequently, based 
solely on the apparent length of the two bars. 

The instrument used by us consists of a box of 60 x 60 x 25 cm., painted black 
on the inside. O’s eyepiece is taken from a stereoscope. The two slits are 1.5 x 30 
cm. and are covered by black metal shutters sliding in grooves fastened to the 
outside of the box. The slit on the left is located 2.5 cm. below that on the right, 


1H. C. Hamilton, The effect of incentives on accuracy of discrimination measured 
on the Galton bar, Arch. Psychol., 16, 1929, (no. 103), 1-73. 
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but there is no vertical overlapping until both slits are open to an extent exceeding 
25 cm. The shutters are adjusted by means of a strong string attached to them at 
a point above or below the slit (so as not to appear in the illuminated bar) and 
extending it in a loop between two large pulleys at the sides of the box. Tension 
on the string is maintained by a small spring. The pulley to O’s right is 
attached by means of a flexible coupling to a shaft carrying the control knob. The 
apparatus is so arranged that either shutter may be used as the variable and 
the standard by a simple alteration of the string attachments. This permits a change 
of space order. Pointers, attached to the shutters, move along millimeter scales. 
Variable electrical contacts may be provided on the scales and pointers for producing 
sound or light signals, if desired, to indicate a given error of judgment. 
College of William and Mary R. H. HENNEMAN and J. C. TALLEY 
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NOTES AND DISCUSSIONS 


CORRELATIONS BETWEEN THE UNIVERSITY-GRADES OF PARENTS AND CHILDREN 
AND OF SIBLINGS 


This is a study of the correlation between the standing in the University of 
Michigan between parents and children and between siblings, for the light it may 
throw upon inheritance of intelligence.’ Three previous statistical approaches to the 
problem have been made. The first was Pearson’s determination of the coefficient 
of correlation between siblings based on the estimates of teachers.? His frequently 
quoted conclusion was that intelligence and other mental characteristics showed a 
correlation coefficient of about 0.50. This is approximately the same as the correlation 
for physical measurements. 

A second study was made by Shuster and Elderton of the relative standing over 
a period of 92 years of fathers and sons in the Oxford University honors examina- 
tion.” The honors examination is a test extending over four days and is reputedly 
one of the most severe academic tests applied anywhere. The results use only five 
ranks: first, second, and third class honors and passed and no degrees. The grades 
are sharply marked off at the top but group the great mass into only two categories. 
Slightly more than a third obtain honors against nearly two thirds in the pass 
degree and no degree group. The coefficient of correlation between fathers and 
sons was 0.312, and between brother and brother about 0.40, from 0.39 to 0.42 
by different methods of calculation. 

A somewhat similar study of the boys in Harrow and Charterhouse indicates 
correlation of about the same amount for brother-brother relationship. Here the 
ranking in the class for one term was taken: as the basis of comparison. The average 
coefficient of correlation for all groups was 0.398, a very close agreement with the 
Oxford result. No values were obtained for the father-son relationship as the records 
did not give the names of the fathers. In an appendix to the article,“ Karl Pearson 
states that all such correlations from academic groups are too low because the 
individuals who attend colleges are selected from a small section of the population. 
He developed a formula which made possible the calculation of the true correlation 
from the rough one on the assumption that the variability is reduced through self 
selection by a definite percentage. Applying this formula to the Oxford and Charter- 
house studies he finds that the correlation should be 0.44, if the distribution is 
reduced 15% and 0.54, if it is reduced 25%. Whether the reduction is one or the 


1Thanks are due to the National Youth Administration, and to the Rackham 
Fund of the University of Michigan for funds to carry on the research. I desire 
to thank Professor George Meyer for asking his class in statistics to compute the 
correlations for the siblings, and Mr. Forth, Mr. Bussell, and Mr: Bond of the 
National Youth Administration for collecting the data and for much help in compu- 
tations. I desire especially to thank Miss Ann Sylvester for checking the computa- 
tions of the others and for many computations of her own. 

*Karl Pearson, Inheritance of mental and normal characteristics in man, Bio- 
metrika, 3, 1904, 131-190. 

* Edgar Shuster and E. M. Elderton, The inheritance of ability, Eugenics Labora- 
tory Memoirs, 1, 1907, 3-42. 

“Karl Pearson, Influence of academic selection on correlation coefficients, Eugenics 
Laboratory Memoirs, 1, 1907, 41-42. P 
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other of the percentage can hardly be regarded as proven, but there is certainly 
somé selection so the coefficient should probably be greater than it appears on the 
face of the returns. This brings the correlations to the neighborhood of 0.50 which 
Pearson's students have regarded as normal since his first paper. 

We need not summarize the results of the studies of twins and ordinary siblings. 
The method was different in that the measurements were by tests, the subjects were 
of all ages, and entirely unselected from the community. It will be recalled that, 
according to Newman and his collaborators,’ identical twins show correlations of 
0.90 or more, fraternal twins from 60-80 and ordinary siblings of 0.50-54. 

All of the studies agree in showing considerable similarity between father and 
child and brothers and sisters. Our investigation takes a form more like the study 
of Shuster and Elderton. We also dealt with school grades and calculated the 
correlations both between parents and children and between siblings of the same 
family. The fathers and mothers of students in college at the time of the investiga- 
tion were traced from answers to a question on the blank filled in by entering 
students that asked where and when a parent attended college. These were confirmed 
by the records. We made three different studies of correlations between parent and 
child. In the first two cases the parents had attended the university before the 
present system of using letters for designating standing had been introduced. 

Down to 1912 the only grades recorded were passed, conditioned, and failed. 
The conditioned students were given a second examination. This mark indicates 
the mediocre students in the particular course. We used a system suggested by 
Mr. Bussell, one of our N.Y.A. workers, to assign numerical values to these rough 
designations. A record of 9 was assigned arbitrarily to all students who took just 
the required number of courses and passed each of them. The others had a point 
subtracted for each course failed and a half-point for each course in which they were 
conditioned. Students who took more than the required number of courses were 
given added credits. There were few of these. In our first study of 294 pairs, the 
grades grouped themselves rather narrowly. Forty-nine had a grade of 9 and only 
12 fell below 5. 

The children all attended while the usual letter grading was in vogue. For these 
we assigned a value of 4 to A; 3 to a B; 2 to a C; 1 to a D, and 0 to an E. The 
sum of these points is called the honor point record, and what is known as the 
honor point ratio is the quotient of the sum of the honor points divided by the total 
number of hours taken, Our scheme for changing the older passed, conditioned, and 
failed marks into numerical values lumps all the best individuals into one group. 
This included approximately a sixth of our first group. The Oxford studies on the 
other hand distinguished the best fairly sharply, into at least three groups, while it 
lumped the great mass into only two categories. The letter grades made possible 
very close indications of standing for the best and the worst. 

Two studies were made at different times comparing parents graded on the old 
system with children graded on the new. The first correlated 294 pairs of parents 
and children and gave the very low correlation of 0.05 + .038 A second group 
of 112 different pairs gave the higher correlation of 0.17 + .062. No satisfactory 
explanation can be given as to the large difference. The span in years between 


5H. H. Newman, F. N. Freeman, and K. J. Holzinger, Twins: A Study of 
Heredity and Environment, 1937, 55-93. 
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attendance of the parents in the two groups was a little greater for the first group. 
That, however, should not be an important factor. There were rather more required 
courses in the period when some of the parents attended the university. That might 
have made a difference but should have worked to the disadvantage of all parents 
alike, and so should not have affected the correlations. 

The wide divergence in the two coefficients and the question as to the accuracy 
with which our arbitrary transfer of passed, conditioned, and failed into numerical 
values represented actual differences in ability led us to undertake a third study. 
The individuals in this study were all made up of pairs in which the parents 
attended_ after the new marking system was put into effect. Both parents and 
children were rated by honor points, with its greater fineness of discrimination at all 
levels of excellence. In this third group, as in the earlier, where two children of 
the same family were found the average honor point ratio for the two was used in 
the computation. This method of averaging the standard seems preferable to using 
each child separately as did Shuster and Elderton or to omit one child as did Dr. 
Gordon. To omit one might lead to yielding to the temptation of selecting the one 
that would favor a desired result, if any result was desired. 

The third group consisted of 123 pairs. The coefficient of correlation was 0.23 
+ .057. This result is obviously more reliable than either of the other two. The 
measures of standing are more accutate and more consistent for parent and child. 
The time interval between parent and child was less than in the other two studies, 
at the greatest a difference of twenty-six years. None of the parents were in college 
at the time the required course system was effective. There would also be less differ- 
ence in the organization of courses and in other imponderables of attitude of 
students and of the personnel of the instructing force. If we should average the 
three correlations without considering the number of cases, the result is a coefficient 
of 0.15. A better idea of the result would be given by saying that it ranged in 
three groups from 0.05 to 0.23. It would probably give a truer picture if we con- 
sidered only the last determination, obtained under the best conditions. The latter 
value shows a significant if slight relationship, the former none at all. It may be 
worth while to indicate that all are positive. 

A study of the correlation in standing between siblings of the same family did 
not meet with the difficulties encountered by those of parents and children. All 
siblings studied were in attendance within comparatively few years. The methods 
of grading were the same and the social and educational conditions did not vary 
appreciably. First a coefficient of correlation was obtained for all pairs without 
reference to sex. This was 0.25 + .05 for the 175 pairs used. Then the data were 
broken down with reference to sex and the three possible relationships: brother- 
brother, sister-sister, and brother-sister were calculated separately. Wide divergences 
were found for the different combinations. For 85 cases of brother-brother com- 
binations, the correlation was 0.149. The 26 cases of sister-sister pairings gave a 
coefficient of 0.565, and 63 cases of brother-sister groupings showed a coefficient 
of 0.464, One might ask why the values were so different between the groupings. 
It is easier to ask than to answer. There are no obvious reasons why sisters should 
be more alike than brothers, or why a boy should be more like a sister than a 
brother. In the latter case one would expect the relations to be reversed. Probably 
the differences must be charged to chance, due to an insufficient number of cases, 
when they were divided into the smaller categories. 
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It might be mentioned that an earlier investigator, Elderton,* found similar 
discrepancies between different pairings based on sex, but the differences did not 
in all cases run in the same direction as ours; The results were derived from 
studies of brothers and sisters in two English elementary schools. Miss Elderton 
does not say how many were studied, but is apologetic for the small numbers. Two 
methods of evaluating intelligence were used: the Stanford-Binet and estimates by 
teachers. Corrections were made for differences in age which were believed necessary 
because the brighter children in the upper grades had been promoted. The correlation 
between brother and brother was 0.489 when the I.Q. was used as a measure and 
0.486 when the teachers’ estimates were used. The sister-sister correlations were 
0.384 and 0.540 for the two methods of measurement. The brother-sister correlations 
were 0.532 and 0.499 respectively. The differences are much less than those we 
found and differ in direction. For her the brother-sister correlations were highest 
while in our results they were intermediate to the very high sister-sister correlation 
and the very low brother-brother. From the small number of cases available in either 
study, one can hardly draw conclusions that would hold as to the general hereditary 
resemblances between the sexes, even were the results consistent in the two studies. 

As compared with the Galton Laboratory work our correlations are all consider- 
ably lower. The father-son relationship for Oxford honor students gave a coefficient 
of 0.312, our parent and child correlation was 0.23 for the most favorable conditions. 
The sibling coefficient (brother-brother) at Oxford and for the public schools was 
0.39 to 0.42 and 0.398 respectively, ours was 0.25. We could argue on Pearson’s 
assumption of restricted selection from the population of students that the true 
correlation would be ten points or more higher. Since any estimate as to how great 
the selection is, is purely arbitrary, all calculations would be of little value. We can 
rest content with the statement that they could be made higher if selection is taken 
into account. An explanation of the difference may lie in the more comprehensive 
material involved in the grades in the two cases. The Oxford honors examination 
is a comprehensive test covering a relatively limited class of material that is 
approximately the same for all examinees. The grades given in an American univer- 
sity cover very diverse material, with somewhat changing standards of marking for the 
same course at different times and for different courses. The smaller correlation may 
well be due to the diversity of the material and of the scoring. The lower correla- 
tions obtained when tests are used as a measure rather than college standings 
of all sorts would also be due to the restricted material of the test and to a 
smaller degree of selection among the individuals tested. Moreover, intelligence is 
probably only one of several factors in determining college standing. In addition, 
persistence, confidence in ability and many other emotional and volitional qualities 
contribute to determine the accomplishment and the grade that will be given. The 
test requires ability to work intensively for a brief period, while success in college 
demands continued effort and often without immediate incentive. These other 
factors are also probably inherited, but not necessarily in the same degree. 

If one considers only the higher correlations and makes an allowance for selec- 
tion, the correlations appear fairly significant. The correlation between brothers and 
sisters is not so much lower than between the results of mental tests and standing 


*E. M. Elderton, Present position in regard to the inheritance of intelligence, 
Biometrika, 14, 1923, 398 ff. 
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in college or than between standing in lower schools and standing in college. If 
one chose students on the basis of the standing of a brother or sister one would 
not do so much worse than to choose by tests or by high school grades. Siblings give 
a closer correlation because both have the same parents, while the correlations 
between parent and child consider only one parent. 

University of Michigan W. B. PILLsBuRY 


A NOTE ON THE USE OF “OMNIBUS” TRAINING TO VALIDATE SEASHORE’S 
“CAPACITY” HYPOTHESIS 


Many investigators have concerned themselves with the validity of the Seashore 
tests, using as their criteria of validity grades in applied music and theory courses. 
These investigations have in most instances indicated relatively low coefficients of 
correlation.’ Against this procedure Professor Seashore has vehemently protested, 
maintaining that the tests “should not be validated in terms of their showing on 
an omnibus theory or blanket rating against all musical behavior, including such 
diverse and largely unrelated situations as composition, directing, voice, piano, 
violin, saxophone, theory, administration or drums; because there are hundreds of 
other factors which help to determine the job analysis in each of such fields.’” 
Seashore further states that “I have been bombarded all these years by the omni- 
busists for this type of validation, but I have persistently refused action on the 
ground that it had little or no significance.’* The tests, he says, “represent the 
theory of specific measurements insofar as they conform to the two universal scientific 
sanctions, on the basis of which they were designed; namely, that (1) the factor under 
consideration must be isolated in order that we may know exactly what it is that 
we are measuring, and that (2) the conclusion must be limited to the factors under 
control.’ 

A correlative assumption in Seashore’s psychological theory is that training has 
no significant effect upon scores in the Measures of Musical Talent. This is one 
of the fundamental postulates of the ‘‘capacity” hypothesis.’ In this connection, 
Stanton’s studies on the effects of musical training upon talent scores have been 
approved and sponsored by Seashore and have been accepted generally. In his 
preface to one of Stanton’s studies, Professor Seashore writes: 


*P. R. Farnsworth, An historical, critical, and experimental study of the Seashore- 
Kwalwasser test battery, Genet. Psychol. Monog., 9, 1931, 291-391; J. L. Mursell, 
What about music tests?, Mus. Ed. J., 24, 1937 (Oct.), 16. The issues of the test dis- 
cussion, ibid., 24, 1938 (May), 22. 

?C. E. Seashore, Two types of attitude toward the evaluation of musical talent, 
ibid., 24, 1937 (Dec.), 25. 

* Op. cit., 26. 

"09. tit... 25. 

*A paper on “The present status of the ‘capacity’ hypothesis in Measures of 
Musical Talent” is now in preparation. This paper will attempt to classify, sum- 
marize and evaluate the literature dealing with the question of the non-improvability 
of scores in the Seashore Measures through training. 

*H. M. Stanton, and W. Koerth, Musical capacity measures of adults repeated 
after musical education, Univ. Ia. Stud., Aims & Prog. Research, 31, 1930, 1-18; 
Musical capacity measures of children repeated after musical education, ibid., 42, 
1933, 1-48; H. M. Stanton, Measurement of musical talent, Univ. Ia. Stud. Psychol. 
of Music, 2, 1935, 1-140. 
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The Measures of Musical Talent here discussed were built on the assumption that 
they should measure these specific capacities before musical education was begun 
and that the capacities would not be greatly modified by training. Attempts to validate 
this assumption have been made by various indirect methods, but the final critical 
proof has awaited the accumulation of successive measurement upon the same indi- 
viduals before, during, and after musical training. This has been accomplished 
—- accumulation of a remarkable series of measurements by Professor 
tanton. 


Seashore apparently relies upon such data as Stanton’s to substantiate his claim that 
training does not materially improve test scores, and that the tests are, therefore, 
stable ‘capacity’ measures, on the basis of which predictions of future scores may 
safely be made. 

The correctness of these views must in large measure depend upon the appro- 
priateness of the training employed. It is, therefore, pertinent to inquire into the 
type of training used by Stanton. This consisted of (1) individual lessons in voice 
and instrument—piano, violin, ’cello, harp, organ, flute, tympani, (2) group train- 
ing in orchestra and chorus, and (3) theoretical subjects such as harmony, counter- 
point, appreciation, theory and conducting—the typical ‘omnibus’ situations, ‘diverse 
and unrelated,’ which were rejected by Seashore for validation of the tests! 

If the tests cannot be validated against ‘omnibus’ criteria, how can the failure of 
such training to produce significant increases in scores be said to prove that scores 
in the tests are not improved by training of any kind? If the only criteria for 
validation are “‘specific’ and “internal,” e.g. correlation of the Sense of Pitch test 
with “objective records of musical performance in pitch intonation or ability to 
hear artistic pitch deviation in the musical situation,” then may not also “specific” 
training, closely related to the content of the tests, be requisite for proof of the 
assumption that the test scores are unaffected by training? Obviously, it is logically 
possible that certain “‘omnibus’’ training procedures may transfer in some degree 
to a “specific” test, but the real question is whether anything short of intensive 
training which is purposefully remedial and directed toward improving a “specific” 
capacity, can be said to demonstrate conclusively that training is immaterial. That _ 
it is possible to develop such specific training methods seems indicated by Wolner’s 
study of the effects of training upon pitch-deficient children.*® 

Assuming that the Seashore tests are valid, and accepting Seashore’s criticism of 
the use of “omnibus” criteria to challenge the validity of his tests, it seems proper 


"Stanton and Koerth, op. cit., 42, 1933, 3. Stanton’s method was to give the 
tests to students entering the Eastman School of Music and to retest after a 3-yr. 
interim of formal musical education. The absence of significant improvement in 
scores upon retest is the “final critical proof” referred to above. 

® Wolner gave intensive individual training in vocal reproduction of intervals and 
in pitch discrimination to 7 children who were so markedly pitch deficient that they 
were not only unable to discriminate tuning fork differences of 30 ~ (at a 
standard of 435 ~), but were incapable of distinguishing piano intervals as large 
as an octave. Each child was given 20 min. of training daily, 5 days a week for 
a period of 81 days. Results in part: 4 out of 7 of the children reduced their 
thresholds in pitch discrimination to 0.5 ~; the remaining 3 had thresholds of 2, 3, 
and 5 ~ respectively. (Cf. M. Wolner, An experiment in individual training of 
pitch-deficient children, Unpublished Master’s dissertation, Colleges of the City of 
Detroit, 1932; M. Wolner, and W. H. Pyle, An experiment in individual training 
of pitch-deficient children, J. Educ. Psychol., 24, 1933, 602-608. 
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to question the use of the ‘omnibus’ type of training to demonstrate the non-im- 
provability of ‘capacity’ scores. 
Northwestern University RUTH WYATT 


A SIMPLE MEANS OF PRESENTING AMBIGUOUS VISUAL MATERIAL POSSESSING 
CoLor, DEPTH, AND MOVEMENT 


The success of the Rorschach test has called attention to the valuable diagnostic 
material that becomes available when the individual is told to organize and interpret 
relatively ambiguous sensory materials. Stern's’ development of cloud pictures and 
Skinner’s* use of the verbal summator are other recent examples of the same general 
type. This note describes a simple means of presenting ambiguous visual material 
which possesses color, depth, and movement, and which may be interpreted in 
meaningful fashion by an observer. 

The principle involves the passage of polarized light through cellophane. If 
white light, which vibrates in heterogeneous directions, is passed through a polarizer 
it is then given a uniform vibration direction. Upon its further passage through a 
layer of cellophane, which acts as a double refracting medium, the light becomes 
elliptically polarized, 7.e., the vibration directions fall in a continuous ellipse. The 
constants of the ellipses are different for each wave-length composing the white 
light. If this elliptically polarized light is then passed through a second polarizing 
medium, there is a differential absorption which is determined by the constants of 
the ellipses and hence is different for each wave-length. The original white light 
will then become colored since the rays of different wave-lengths are being dif- 
ferentially absorbed. 

These are interference colors, and a subtractive spectrum is available. The spec- 
trum is a first-order interference spectrum of gray, white, yellow, orange, red, pur- 
ple, blue, and green. Since the absorption is determined by the ellipticity for a ray 
of any given wave-length, and since this ellipticity is a function of the thickness 
of the double refracting medium, the original color will be determined by the thick- 
ness of the cellophane. 

If the second polarizer, or analyzer, is rotated through 90°, the rays fully trans- 
mitted at first will now be fully absorbed, and those previously absorbed will be 
transmitted, There will be a corresponding reversal from transmission to absorption 
for the rays of those wave-lengths partly transmitted. Therefore, as the analyzer is 
rotated, the original color will pass through a stage of desaturation and then change 
to its complementary. The color thus is a function first of the thickness of the 
double refracting medium and secondly of the angle of rotation of the second 
polarizer. 

These principles may be applied specifically as follows: White light from a con- 
centrated light source (electric light bulb) is passed through a polarizing screen 
consisting of either a celluloid film (Polaroid type 2) or of a celluloid film lam- 
inated between two layers of glass (Polaroid type 1). These are supplied by the 
Polaroid Corporation. This polarized light is then passed through cellophane. One 


*W. Stern, Clovd pictures: A new method for testing imagination, Character 
& Pers., 6, 1937, 1352-146. 

?B. F. Skinner, The verbal summator and a method for the _ of latent speech, 
J. Psychol., 2, 1936, 71-107. 
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must be careful to use cellophane and not kodapak or protectoid, as these last do 
not have the requisite molecular orientation. To hold the cellophane securely it 
may be fitted into the interior of a section of cardboard packing tube. If the fit is a 
snug one, the sides of the tube will hold the cellophane in place. If one now places 
a second polarizing screen against the end of the tube and looks through this lens 
at the cellophane within the tube, one sees a varicolored, patterned field not unlike 
the field of a kaleidoscope, except that it has depth. 

The colors are determined both by the thickness of the individual sheets of cel- 
lophane and by the rotation of the second polarizer. The thickness of the cellophane 
may be varied by superposing individual layers on each other. These may be stuck 
together with ordinary rubber cement, or merely placed at different depths in the 
tube. Patterns may be worked out by varying the number of layers of cellophane in 
different parts of the field. One may get an excellent random effect by simply crum- 
pling up the cellophane into a ball and placing it in the tube. By wetting the cel- 
lophane and stretching it in spots, distortion of the molecular orientation is caused 
in local areas with resulting color changes. Many color effects are possible. 

Depth is present since one is looking at a three dimensional field, with the dif- 
ferent layers of cellophane at different positions in the tube. 

The semblance of movement may be obtained by rotating the second polarizing 
lens. This causes the colors in each part of the field to desaturate, pass into their 
complementaries, and finally reach their original values again. The resulting color 
effects resemble movements with the colors continually disappearing and reappear- 
ing in various portions of the field. 

In one form of the apparatus, as set up by the writer, the parts of the apparatus 
were mounted in line in a wooden trough. The second polarizing screen was rotated . 
by peripheral friction drive through a gear wheel ‘connected to the shaft of a variable 
speed motor. The use of a rheostat enables one to control the speed of the color 
changes or ‘movement.’ Interchangeable lengths of cardboard tubing were used, so 
that many patterns would be available, 

Preliminary investigation shows that the extra dimensions of color, movement, and . 
depth may act as limiting factors, and that the interpretation is sometimes not as 
easy nor as varied as with the standard Rorschach ink blots. On the other hand, when 
interpretation does come it is often more ‘vivid.’ Many individual peculiarities of 
response are also noticeable. The method suggests itself as an interesting addition 
to present interpretative tests. 

Wheaton College A. HUNT 
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The Psychology of Art. By ROBERT Morris OGDEN. New York, Charles Scrib- 
ner’s Sons, 1938. Pp. vii, 291. 

Professor Ogden may have had some difficulty in choosing a title for his book. 
The first part is called ‘Aesthetics’; the other four parts deal with the separate 
arts: music, poetry, visual arts, and eurythmics. By naming only the first part 
“Aesthetics” he has forestalled the possible criticism that much of what he has 
written is not esthetics. Whether the book as a whole is psychological is a more 
debatabte-question. Certainly the psychological treatment, a. combination of response 
and Gestalt psychology, is in evidence throughout the book, as are also esthetic 
principles; but Ogden is particularly interested in “good” forms objectively given, 
and the emphasis—or “ground-rhythm” as he might say—is primarily upon the 
formal elements. A knowledge of these elements is undoubtedly of much value for 
the artist, but some readers, unconvinced by the argument that combinations of 
sound, line, etc., are good or bad in their own right, might wish that the author 
had devoted more space to explaining why the forms that are found in art happen 
to be acceptable. This belief in objective form has at any rate given the author the 
courage to pass dogmatic judgment upon the esthetic values of specific works of 
art, although he shows a commendable tolerance when discussing the modern trend. 

The part on esthetics treats principally of the esthetic attitude, which the author 
believes should in the narrower sense be called “the artistic attitude,” and of the 
classification of the arts. His description of the attitude is clearly stated in behavioral 
terms stripped of the traditional and vague philosophical implications which so often 
confuse the issue. 

For Ogden there are two main types of behavior, active behavior which is either 
positive or negative—or as Holt would say, adient or abient—and passive, which 
may either be a state of quiescence due to inability through conflict to take an active 
attitude or passive contemplation and appreciation. All of these types are esthetic 
“in their primitive or instinctive modes of expression.” This is obviously a very 
broad statement, which, however, he makes more specific when describing the 
esthetic attitude. This attitude is distinguished from the practical “give and take” 
attitude by the fact that we do something with rather than toward an object. The 
author states that the technical name for the attitude is empathy which, according to 
the reviewer, seems too general an application of that useful term. 

Ogden is very much at home in the field of music and handles the subject as an 
expert. For the average readers who are interested more in general problems of 
esthetics than in special fields, he is perhaps too much at home and in consequence 
for them much of this chapter may be difficult of comprehension—as for example, 
his description of the melodic principle of the tonic trend: “All melodies composed 
in a scale of just intonation will indicate effects of finality on those notes which, in 
relation to preceding notes, reduce to the ratio-number 2 or a power of 2.” As Ogden 
agrees that “music alone can give a sheer pattern,” he devotes most of these chapters 
to the musical scale, harmony, counter-point, cadence and other items of musical 
composition, He also describes atonic music, folk music, and primitive music. 

After explaining Schénberg’s composition on the principle of equal semi-tone 
intervals and their multiples, he states that “Although untutored listeners cannot 
immediately ‘hear’ this logic, there appears to be no reason why they should not 
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learn to do so.” One wonders how necessary it is to know this logic in order to 
appreciate Schénberg and whether, if such knowledge is obtained, the appreciation 
does not become fundamentally intellectual rather than esthetic. The same thing 
might be said of a knowledge of dynamic symmetry which will be mentioned later 
under the visual arts. In this connection Ogden admits, quite rightly, that the formal 
relations are usually apprehended naively, as pleasing or otherwise, without direct 
knowledge of the underlying geometrical forms. Even such simple mathematical 
relations as those in the musical scale may not be known by a person of keen 
musical appreciation. The reviewer remembers the day which an outstanding com- 
poser spent with him in order to learn about these tonal relations. Surprisingly 
his first question was: “What is meant by the octave being a relation of 1 to 2?” 

In the chapter on poetry the author shows in a most interesting way how close 
is the relationship between form and meaning. As he correctly remarks, “behavioral 
impulses determine the meaning of words and phrases, and these find their ex- 
pressive utterance in verbal forms, more or less suited to the intent of the mover.” 
Most editors would, however, probably think that he is too optimistic when he 
states: “‘Any meaning which affects our being will demand a concise and simple 
way of saying it.’ These chapters contain much detail about poetic form with 
excellent illustrations, and there is also an interesting and important discussion 
of the relation of poetic thought to prose. 

The part on visual art, which covers the broadest field, takes up almost half the 
book. The keynote is contained in the statement, “Starting with a canvas, a block 
of stone, or the area of a projection screen, the artist’s problem is to design this 
given space with an enrichment of partial patterns which will improve and make 
more evident its unique and original wholeness.” The first of these chapters, there- 
fore, deals with the perception and representation of space. In his explanation of 
the third dimension the author places too much importance upon the act of con- 
vergence, which he uses even to explain the effect produced by the stereoscope. 
The chapter on color contains much that is found in an introductory psychology, 
including surface and film color, and color music. 

The chapter on geometric design is concerned primarily with naive geometry 
and dynamic symmetry which are familiar to us principally through the writings 
of Hambidge. The author soon has the reader thinking in terms of root-two rec- 
tangles, golden sectors, and whirling squares. That buildings like the Parthenon 
may be analyzed into geometrical designs cannot well be denied, and for those 
who are unacquainted with the intricate form of symmetry te be found in art, this 
chapter is valuable. But one often wonders in following the analysis of pictures, 
statues, and architecture in terms of dynamic and static symmetry how much is 
merely wish-thinking upon the part of the enthusiastic author and how much the 
actual intent of the artist. 

In the chapter on painting and sculpture ‘‘certain influences of materials and 
techniques on drawing, painting and sculpture” are discussed. The important dif- 
ference in the effect of free carving and modeling, and of drawing and painting, 
are clearly outlined. The development of modern art is also sympathetically pre- 
sented. 

The chapter on the techtonic arts, in addition to buildings, includes house 
furnishing, costumes, gardening and landscaping, staging and screen-presentation. 
The principles underlying the treatment of masses and the harmony of parts are 
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rather fully explained. The range of illustration is from the Temple of Neptune at 
Paestum, through Notre Dame of Paris and the Empire State Building, to modern 
streamlined dwellings and factories. 

In the part on eurythmics the author takes occasion to impress upon the reader 
the importance of well-codrdinated rhythmical movement, and lauds the efforts of 
Dalcroze to encourage the attainment of intricate, rhythmical responses. In the 
final paragraph of the book, in discussing the reciprocal adjustment between the 
organism and the environment, he makes the important statement that “The greater 
the degree of orderliness, the greater will be the efficiency of this adjustment. Less 
lost motion, and more enjoyment: this is the simple and practical precept of an 
esthetic method of education in all arts and all the skills.” 

The Psychology of Art is a valuable book. It contains much evidence of the 
erudition, sensitive esthetic appreciation and versatility of the author. Owing to the 
originality of style and the nature of the subject matter, the book is not easy reading 
and therefore probably not well-suited for the beginning student of esthetics or art. 
It will, however, undoubtedly prove helpful to the specialists in the various fields 
which are included in the book. 

Princeton University H. S. LANGFELD 


Psychology of Music. By Cart E. SEASHORE. New York, McGraw-Hill Book 
Co., Inc., 1938. Pp. xix, 408. 

The motto of this book is said by Professor Seashore to be ‘Not psychology but 
to psychologize.” That is, the book is intended to be a series of incomplete skirmishes 
upon various problems of music, designed to “stimulate and guide the student of 
music in scientific observation and reasoning about his art.” 

The problems discussed are both theoretical and applied. Under the first rubric 
may be included those chapters (A Musical Ornament, The Vibrato; Pitch; Loud- 
ness; Duration; Timbre; Tone Quality; Sonance; Consonance; Volume; Rhythm; 
Timbre of Band and Orchestral Instruments; Violin; Piano; Voice) dealing with 
the physical characteristics of renditions by voice and various instruments as re- 
corded by oscillograph, piano-camera, and harmonic analyzer, and as displayed in 
the numerous ‘performance scores,’ tone spectra, and tables. These physical char- 
acteristics are related to the perceived tone; and the point is emphasized again and 
again that in musical art “‘all is illusion,” #.e. what is heard is rarely, if ever, an 
exact duplication of the physical event. Other topics of psychological significance 
are considered, such as pitch discrimination, subjective tones, audible frequency 
ranges, audiometry, beats, and resonance, although at no time is a complete sum- 
mary of facts attempted, and many times key definitions are completely omitted. 
Indeed, an outstanding quality of the book is its skeletal and selective structure. 

Throughout, there is observable Seashore’s deep concern with problems of ap- 
plication, which becomes explicit in his chapters on Learning in Music, Principles 
of Guidance in Music, Measures of Musical Talent, Analysis of Talent in a Music 
School, Analysis of Talent in the Public Scho:l, and The Development of Musical 
Skills. His program of application involves not merely the psychologist with his 
“Measures of Talent’”’ test-scores, but also critical appraisal of many more data, such 
as motivation, family tradition, and willingness of the subject to work. 

While these chapters on application are highly valuable, on the whole, the reader 
will stand aghast at the recommendation to “trust the first impression . . . instead 
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of repeating the impression, repeat the recall or memory,” and at the blanket rule to 
learn by parts. The treatment of Thinking in Music, and Imagining in Music are 
unsatisfactory. “Thinking” resolves itself into a matter of I.Q., and involves a 
discussion of the questions “Are musicians, as a class, intelligent?’ The chapter on 
imagining in music simply quotes various composers on the réle of imagery in their 
own work, and does not attempt to go much further, except to state that imagery 
may operate in the hearing, recall, and creation of music. Seashore states that al- 
though imagery “is a phenomenon which does not lend itself to psychophysical 
measurements,” he is inclined “to give it a central place and to expect the most 
immediate and helpful leads from an informal inventory of the use of mental 
imagery.” But surely the student of remembering and imagining will have more to 
offer, even if only by way of a program of research, than a mere “informal inventory.” 
Indeed, a general criticism is that Seashore seems to stop short with his quantitative 
data and simple report, never suggesting the «possibility of laboratory investigation 
into the ‘higher mental processes.’ Again the reader may quarrel with Seashore’s 
definition of rhythm as an “instinctive disposition,” or his derivation of rhythmic 
measure from the dubious “attention wave.” 

The book has as a main theme the contention that the psychologist in music has 
two chief tasks: (a) the measurement of four physical variables (frequency, inten- 
sity, duration, and composition of the sound wave) and the determination of their 
psychological correlates under various conditions; and (b) the integration of facts 
from anatomy, physiology, physics, anthropology, and acoustics. The first of these 
problems is the main concern of the book; the second is resolved mainly by procla- 
mation of the problem. 

There are, in addition to the already mentioned topics, brief chapters on The 
Inheritance of Musical Talent, Primitive Music, and Musical Esthetics, and three 
preliminary chapters on The Musical Mind, The Musical Medium, and The Science 
of Music. 

Under the hands of a competent and informed instructor, the book may be used 
to great profit with students having some slight acquaintance with the first principles _ 
of psychology. Its extended dissection of performance scores, alone, should yield the 
student some exciting knowledge and understanding of the possibilities of scientific 
investigations into the realm of music. 

Cornell University JOHN IrvinG LAcEY 


Grundlinien der Kunstpsychologie. By OTHMAR H. STERZINGER. Leipzig, Leykam- 
Verlag, 1938. Pp. xiv, 279. 

The main purpose of Sterzinger’s book is to establish some differentiation be- 
tween experimental esthetics and experimental psychology in the analysis of art. On 
the hypothesis that the former is strictly normative, and the latter strictly factual, 
he has constructed a text of very systematic exploration of all the elementary sensory 
functions, perceptual processes, and subjective factors which contribute to any form 
of esthetic experience. Accordingly, in addition to vision and hearing, there are dis- 
cussions of tactual, olfactory, gustatory, kinesthetic, and organic (including sex) 
esthetic response. 

It is clear that no single volume could possibly contain more than an outline of 
the scientific aspects of these categories, and the reader who expects a Helmholtzian 
treatment is doomed to swift disappointment. On the other hand, the book is provoc- 
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atively rich in suggestions and problems for further experimental study. Among 
these may be mentioned the relation of the feeling-tone of colors to specific materials, 
and to specific and relative brightness values and the “illusions” of transparency, 
illumination, perspective, etc., as related to physiological and perceptual behavior. 
For example, there are three types of space involved in painting: geometric, pro- 
duced through knowledge of Euclidian geometry; atmospheric, which must reproduce 
the colors and density and “distance” of the air; and finally, illuminative, which 
must distinguish “glow,” lustrousness, and lighting, as very distince aspects of 
perception and therefore of painting technique. These in turn are related to the 
point-by-point relative reflection and absorption of the various parts of picture. As 
examples of these principles, the author presents illustrations from the various 
schools of painting. 

In the auditory field, an effort is made to establish analagous categories. Thus 
there are really three comparable aceustic “perspectives” which follow the initial 
localization of a sound in space. Similarly, analagous acoustic ‘glow,’ lustre, and 
lighting are produced “quite obviously” by different musical instruments. Not all 
of the author’s examples in this respect would pass muster by ensemble players, 
since the fusion of such timbres is quite another thing, perceptually, than are the 
individual tonal qualities. On safer experimental ground are his very good dis- 
cussions of interval “quality ;’’ tonality—fortunately including non-European systems ; 
melodic principles; perception of acoustic rhythms, and harmonic ‘laws.’ In general, 
the discussion of music is the most satisfying part of the book, since it is rather 
more restricted to experimental data, and provides excellent illustrations. 

In the later chapters, such general esthetic concepts as proportion, contrast, num- 
ber, symmetry, repetition, economy, and “esthetic geometry” of various lines, pat- 
terns, and parts, are further discussed and illustrated from the various fields of art. 
Finally, the unifying principles which produce the basic ““Gesamteindruck” (Gestalten 
of a higher order) receive both scientific and some speculative treatment. 

In terms of critical estimate, the book has the following defects: a forced im- 
balance between the enormous subject matter and its technical analysis; a tendency 
toward provincial selection of examples—not always first-class—in the visual arts; 
and a tendency toward the same introspective dogmatism of which he accuses the 
philosophers, especially where scientific data are scarce or lacking. On the other 
hand, the book must be regarded as an important synthesis of the material of the 
practical arts, the problems of analytical esthetics, and the contributions of physio- 
logical, classical, and configurational psychology. It is especially valuable in bringing 
together the various experimental studies of the Gestalt school and relating them 
directly to perception of esthetic form. The book is entertainingly written, and at 
least to those with sufficient scientific and artistic background to fill in the gaps, 
it is provocatively stimulating. 

University of Michigan MARTHA GUERNSEY COLBY 


Die Formenwelt des Tastsinnes. By G. Révész. Haag, Martinus Nijhoff, 1938, 
Vol. I, pp. xii, 291; Vol. II, pp. x, 293. 

The theory of haptics embraces the principles of perception and knowledge as 
well as those determining the creation of forms in the world of tactual impressions 
—the world of forms as it appears in the spatial consciousness of the blind. Many 
isolated studies of the psychology of the blind exist, but up to the present time 
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these remained unsystematized and no clear distinction was made between the re- 
sults of speculation and the findings of empirical research. The consequence was a 
certain indefiniteness and the presence of many contradictions in the theory of 
haptics or the science of tactual phenomena, in marked contrast with the consistency 
and definiteness achieved in the fields of optics and acoustics. 

Dr. Geza Révész, formerly professor of psychology at the University of Budapest, 
and now at the University of Amsterdam, is well known in America for his Psychology 
of a Musical Prodigy, and other studies in the psychology of music. He has devoted 
many years to psycho-physical researches in vision, audition, and tactual sensation. 
This has led to a preoccupation with the general problems of space perception and 
its various modes in man and animals. The present volume on the world of forms 
experienced by the blind, is a natural outcome of studies of this character and 
although the author is modest in his claims it will doubtless prove a revelation to 
most readers. Révész employs a variety of approaches, philosophical, mathematical, 
biological, and experimental, and discusses the significance of haptic experiences for 
varied aspects of life, but particularly in art. 

Volume I treats of the basic principles of tactual perception and begins with a 
general discussion of the sciences of space. The author is a nativist and assumes the 
a priori nature of the intuition of space. An analysis of the relation of optics to 
haptics and of the latter to geometry introduces us to the theoretical principles of 
haptics, i.e. the tactual perception of form. The chief empirical problem in this field 
is that of the concrete nature of tactual space and its objects. It appears that there 
is a complete contrast in the structure of tactual and visual perception. The former 
is characterized by an analytical emphasis of parts in a whole, while the latter obeys 
a configurational principle achieving a unity of spatially articulated parts. 

Haptic and optic space are the basic forms of space perception and ‘space as 
perceived by the other senses is always a derivative. Visual, tactual and kinesthetic 
space, though equally complete in their development are of unequal importance, 
because they do not yield equal amounts of knowledge concerning the external world. 

Haptics may be general or special and in the section on the special haptics of 
form, the author shows that the perception of tactual forms depends upon ten - 
general principles and tendencies, viz. the steoreoplastic principle, the principle of 
successive procedure, the kinematic principle, the metric principle, intentional atti- 
tude, the tendency toward schematization, the tendency toward transformation, the 
principle of structural analysis, the principle of constructive synthesis and the 
principle of autonomous configuration. All of these principles and tendencies are 
deduced and demonstrated from experiments with normal and blind subjects, the 
latter again including subjects congenitally blind as well as subjects acquiring blind- 
ness at various ages. Experiments and observations on cases of operation for the 
removal of blindness are included. The second chapter on special haptics of form 
discusses the knowledge and total experience of proportion and symmetry while 
the third chapter, deals with varieties of tactual form perception, as determined by 
the predominance of either the optical or the haptic experience. Révész characterizes 
such types of tactual form perception as optomorphic or haptomorphic according to 
the data, dominating their construction. Volume I closes with a brief section on the 
perceptual world of the blind, in which several approaches to a practical psychology 
of the blind are suggested and the basic problems for investigation are formulated. 

In the second volume of his work Révész develops the esthetic problem of the 


} 
if 
# 
q 
if 
if 
if 
i 


648 BOOK REVIEWS 


‘factual world. He asserts that this is a virgin field and he offers the first scientific 
report on the creative achievements of blind sculptors and modelers. This volume 
which is in some sense an independent work, is richly illustrated and must prove of 
great interest to all who are concerned with the welfare and education of the blind. 

The first part is devoted to the general principles of a tactual esthetic, the diffi- 
culties attending esthetic perception on the part of the blind, and the esthetic evalua- 
tion of plastic art by means of the tactual and kinesthetic senses. The esthetics of 
the blind are found to depart from accepted standards, and their plastic creations 
tend to symbolize emotional urges rather than represent reality as normal individuals 
pereeive_it. The second section dealing with the creative activities of the blind, 
presents comparative experimental studies of the work of the congenitally blind, 
persons who have developed blindness at various ages, and normal individuals, 
working with bandaged eyes. There is an interesting account of the creative activities 
of blind sculptors of the past such as Kleinhans, Vidal, and Masuelli. The volume 
closes with a chapter on the basic problem of the blind in achieving artistic form, 
and the significance of sensory limitations in determining types and styles of plastic 
art. The author declares that a complete and adequate discussion of haptics is be- 
yond the powers of a single individual but expresses the hope that he has laid the 
foundations and formulated the basal concepts of a genuine psychology of the 
blind and an explanation of the nature and significance of haptics in the elaboration 
of our perceptual world. 

This hope seems justified, since the volumes certainly represent the first com- 
plete organization of the subject and, though occasionally burdened with theory, 


suggests many new approaches and problems and presents a rich fund of specialized 
information and excellent bibliographies. 
University of Cincinnati CHARLES M. DISERENS 


Taste and Temperament. By JOAN Evans. New York, 1939. Pp. 128, 48 illustra- 
tions. 

This is a curious little book in which the author applies Jung’s well known types 
extravert and introvert to the perception of art by layman and artist. Not satisfied 
with this simple bifurcation, the author proceeds to “subdivide these categories ac- 
cording to the pace of their reaction, and so arrive{s] at a classical quaternity of 
temperaments” which she calls “slow” and “quick.’’ Useful as Jung’s types have 
proved themselves to be, they are a classification of opposites with a wide ranging 
middle ground. When to these two types are added the qualifications “slow” and 
“quick,” one is at a loss to know just what is meant. Though the author is at pains 
to elaborate her characterizations, they remain indefinite because they so obviously 
overlap. 

For instance, the slow extravert is deliberate, persevering, dogmatic, methodical, 
academic. He is a collector “who in seeking for Rarity falls in love with Rarity for 
Rareness-sake.” He is mathematical, geometrical, favors straight lines and Aristo- 
telian classifications. He is apt to confuse beauty with use. Though courageous, he 
is haunted by fear and tends toward megalomania and paranoia. He is dynamic, 
shuns decoration; a moulding or a cornice repels him. His interest in the association 
of ideas might make it hard for him to believe “that none of this associational 
process enters into a purely aesthetic sensation.” Yet “the existence of ‘surrealist art’ 
which is composed of an expression of such associated ideas” complicates the ques- 
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tion. “Fortunately,” concludes the author, ‘an art which declares itself without 
aesthetic intention lies outside the scope of this book.” Baroque is an outstanding type 
of slow extravert art, and the Escorial is a monumental example. Typical artists 
of this persuasion are Michelangelo, Titian, Holbein, Rembrandt, Delacroix, and 
Goya. 

The author finds somewhat less to say in characterizing the other three types. 
The quick extravert is feminine, understands the feelings of others, and is exemplified 
in the actor, salesman, courtier, and the great mystics. All extraverts think of their 
surroundings as backgrounds, the slow type as autobiography and the quick as mise 
en scéne. Color interests them more than form. Dreams and illusions, the supernatural 
and sentimentality engage them. They are dissatisfied with the world, view and 
paint it in peculiar perspectives, and their figures levitate. Botticelli, Raphael, Tin- 
toretto, Correggio, El Greco, and Wiliam Blake are cited as quick extraverts. Among 
the quick introverts Wiliam Morris, John Ruskin, and Sir Joshua Reynolds are cited 
as exemplars. These theoretical persons are yet said to be genuinely capable of an 
esthetic emotion, both disinterested and profound. This type favors decoration, land- 
scape, and still life. The compositions are static, simplified, and make much use of 
receding planes of distance. In contrast to the slow extravert, the slow introvert 
favors curved rather than straight lines, and in contrast to the quick extravert his 
figures show weight rather than levitation. The slow introvert is harder to find and 
to recognize. He is more discrete, more driven to understand what he is doing. 
His philosophy is Platonic rather than Aristotelian. He is defeatist, given to psycho- 
logical portraiture and cubic, box-like composition. Hugo van der Goes, Vermeer, 
Velasquez, Diirer and Cezanne are named to illustrate the type. 

A sense of lightness, conveyed by whatever means, among which color would 
surely be one, appears to characterize all the examples selected as “‘quick,’’ and a 
sense of heaviness all those called “‘slow.’”’ Thus, whereas the author's reference of 
these types of composition to Jung’s classification of temperament and “the pace of 
their reaction” is odd, the esthetic sensibility that accounts for her divisions seems 
sure. A psychological problem is thus set which deserves further study. 

Cornell University R. M. OGDEN 


Psychology of Individual Differences. By A. R. GILLILAND and E. L. CLarK. New 
York, Prentice-Hall, 1939. Pp. xvi, 535. 

There are colleges and training schools for educators, social workers, and business 
administrators, where the curriculum is built to specification according to the “‘needs” 
of the students. These needs have been formulated by some eminent educators, who 
write as if their information came from the Holy Ghost. These institutions demand 
certain courses, (1) which can be called psychology; (2) which look practical, being 
unfettered by ‘theory’ or by logic; (3) which prerequire nothing but semi-literacy of 
the students; (4) which demand little of the students except recitation of certain 
words in grammatical order; (5) which are ‘certified’ by the authorities who license 
teachers to teach; and (6) which also will be passed by at least 95% of the students 
who elect them. Such courses demand specially written text-books. 

Our authors, however, have sought “to collect in one volume the more im- 
portant facts and conclusions in the broad field of the psychology of individual dif- 
ferences” (p. v). In their chapter entitled “The problem of individual differences,” 
they actually state no problems for solution. They do assert, repeatedly, and con- 
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vincingly, that every individual differs in at least some respects, from at least some 
others. Moreover, these differences are recognized by intelligent individuals, who 
differ from each other as widely as Aristotle and waterfowl. They assert (pp. 1 f.) 
that wild ducks, as well as wild geese, fly in V-formation; that the foremost bird 
is also the leader of the flock in the sense that he has been “selected” probably for 
his physical prowess, and also in the sense that he sets the course for the rest of the 
flock. Some ducks, of course, do not fly in this manner. As for the geese, who can 
tell whether the foremost bird sets the course for others, they for him, or external 
conditions for them all? I have seen flocks of wild geese change their direction, and 
at-the-same time change formation and also “leaders.” Of course, as Aesop taught us, 
we should try to imitate the wisdom of animals, but I am not sure that the geese 
have set us a perfect example. 

As “causes” of individual differences, the authors mention age and sex, but they 
emphasize heredity and environment. Which of these latter is the more important? 
They cite authors who have expressed opinions, as if the question were not meaning- 
less, like the question, which side of a rectangle has the more to do in determining 
its area. They mention C. B. Davenport and L. M. Terman as believing that at least 
some mental traits of mankind are inherited according to Mendel’s law. Why did 
they not examine this belief? Mendel’s law is limited in its scope. It presupposes two 
incompatible traits, unequivocally defined, and practically discernible. It presupposes 
the mating of two individuals from “‘pure stocks.” It presupposes the mating of 
brothers with sisters in the first filial generation. It is, therefore, quite irrelevant to 
censuses of Kallikaks, Jukes, and Edwardses. 

Why, also, did they not question the tradition about Jonathan Edwards? He was 
married 212 years ago, and had 12 legitimate children. By conservative rules of 
guessing, how many descendants may we suppose he has had by this time? How 
many of them, probably are old enough, or have been old enough, to have attained 
distinction? How many of them have been identified? Does the number who have 
been identified make up an abnormally large part of the probable number of adults? 
And are not those who are distinguished (for good or bad) more likely to be 
identified than the mediocre? 

Again, consider a member of the 6th filial generation: he has 64 ancestors of the 
degree of Jonathan Edwards. Suppose he himself is eminent, and that one of his 
ancestors in the 6th degree is Jonathan, while the other 63 are not. Why regard 
Jonathan Edwards as a sufficient cause of his greatness, and ignore the other an- 
cestors? It seems to me that somebody ought to analyze and weigh the premises in 
the eugenists’ propaganda, instead of re-patterning them to uncritical undergraduate 
students. 

In their chapter on the measurement of differences, the authors leave undefined 
certain statistical concepts, such as standard deviation and correlation, which underlie 
much that follows. They pay due ritualistic honor to the normal distribution, and 
give roughly the same misinformation about it as mental testers usually give. “Long 
ago,” they tell us (p. 68), “it was observed that height and many other linear 
measurements of the body, if collected from large groups of men, would tend to 
fall under a normal curve’ (italics mine). On pp. 112 f. they present 26 distribu- 
tions of heights and 26 distributions of weights among 10,560 children classified 
by Bird T. Baldwin according to their ages. On p. 114 they say that ‘for the most 
part, the curves conform fairly closely to a normal distribution.” From mere in- 
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spection, I doubt that this holds true. For amusement, Mr. Martin Kaplon and I 
have tested the normality of some of the other distributions which they present, by 
computing the normal distributions which have the same parameters as the actual, 
and by the X?-criterion, finding the probability P that the misfit in each instance 
would occur by chance. One can indeed describe the distributions of the test-scores of 
903 students (p. 64) and also the weights of Montague and Hollingworth’s 1000 
boys and 1000 girls at birth, within a tolerable error, by mentioning the parameters 
of the corresponding normal distributions. Incidentally, the tabular exhibit of these 
weights does not agree with the corresponding graphs on the same page (111); 
neither do the tables yield exactly the average weights that the authors mention. 
But our authors show some other distributions which one could not plausibly call 
normal. For the heights of Montague and Hollingworth’s new-born boys (p. 110), 
the original data yield P = 107; and for the girls, P = 10°. They might have men- 
tioned that Boring (Science, 52, 1920, 464 ff.) reported in 1920 that the heights of 
221,819 insured men misfit a normal distribution, P being about 10. On p. 115, 
they show graphically Davenport and Love's distributions of the heights of “the 
first million” (actually 868,445) American soldiers drafted in the World War, and 
also of the same soldiers’ weights. From the original data, we find for heights 
P = (10); for weights, P = (10), in which the exponent is uncertain by at 
least 5. One recalls, of course, the exhibit which Yule reproduced in many editions 
of his monumental work, of the heights of 8585 men from the British Isles, fitted 
beautifully to a normal curve. This distribution, however, is not homogeneous, being 
made up of four components, namely English, Scotch, Irish and Welsh, which, ac- 
cording to the X*-criterion, cannot be plausibly regarded as having been drawn from 
the same parent population. Moreover, their numerical strengths are zot proportional 
to the populations of the political units from which they are drawn. Thus, it is not 
generally true that the heights of large samples of men are normally distributed, or 
nearly so. 

Earlier (p. 69) the authors suggest that a mental test should be rejected if its 
scores are not distributed normally, although it should not be accepted merely because 
they are. Some mathematicians find such assertions appalling. On p. 391, we are 
told that the Moore-Gilliland Aggressiveness Test has a “reliability” of 0.75, but a 
“validity” in estimating ratings of 0.90. According to some educational statisticians, 
this assertion implies that the test-scores “measure” something else better than they 
measure themselves. 

This test and certain others are, according to the authors, indirect and imperfect 
measures, but nevertheless useful measures, of existing traits. But there cannot be 
such a trait as General Aggressiveness, such that its measure can be denoted by a 
single number for a particular individual, indicating “how much” aggressiveness he 
most probably will manifest in any unspecified situation. ‘To aggress” is a transitive 
verb; it is meaningless without an unequivocally defined object. A similar assertion 
holds true for such fictitious traits as General Intelligence, General Persistence, Gen- 
eral Gullibility, and the like. 

On pp. 88 f. the authors marvel that the so-called mental ages of children younger 
than 15 yr. are simply proportional to their chronological ages. The secret is, of 
course, that the testers “planned it that way.” They selected their test questions so 
that the average mental age of the children in their “standard” population would be 
exactly equal to their chronological ages, as nearly as they could accomplish that 
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feat; hence, the average of the intelligence-quotients of the standard children of any 
age has to be exactly 100. Had the authors exhibited the defining operations of 
mental age and intelligence-quotient, neither they nor their readers need to have been 
mystified. 

Without searching for misprints and errors in citation, one finds a good many 
in this book. On p. 252, the authors speak of “‘tetrachloric’’ correlation. On p. 6, 
they misquote the Declaration of Independence, call E. H. Weber a psychologist, 
cite Fechner’s Elemente der ‘Psycho-Physik, and specify 50% instead of 84% cor- 
rect responses as the criterion of threshold-discrimination according to Fechner’s 
methed-of right and wrong answers. They also cite Thurstone, L. L., and Thelma 
Gwinn (p. 18), but Thurstone, L. L., and Thurstone, T. G. on p. 371; they men- 
tion Gall and Spurtzheim twice on p. 120; Henry F. Garrett (p. 95); A. A. Robach 
(pp. 356, 396); Lela S. Hollingworth (p. 313); Mohr and Grundlach (pp. 344, 
348); J. J. B. Watson (pp. 26, 57). They ascribe a certain monograph to May and 
Hartshorne on p. 314, but to Hartshorne and May on p. 396. Perhaps one should 
not cavil at details, but if they are numerous, one wonders if they may not be 
symptomatic. 

My chief interest lies in the principles according to which the factual material 
is organized. From what I have said it should be clear that they are at least debatable. 

For such courses as I described at the beginning of this note, this book may gain 
many “adoptions” immediately. If it has other uses, I do not now identify them. 

Tulane University H. M. JOHNSON 


Logical Aspects of Educational Measurement. By B. OTHANEL SMITH. New York, 
Columbia University Press, 1938. Pp. vii, 182. 

This book should be required reading for every student of psychophysics, psycho- 
metrics, and educational measurements. It is disturbing, and it is therefore important. 
The reviewer disagrees with practically every important conclusion which the author 
draws, but on trying to find specific flaws in the arguments advanced, and in trying 
to establish his own views on a rigorous logical basis, he finds extraordinary diffi- 
culty. Dr. Smith has raised important fundamental questions. His answers are un- 
satisfactory. So are the answers attempted by the present reviewer! The questions, 
therefore, remain, and they are important and fundamental. 

The author’s argument, briefly, is as follows. Measurement implies the applica- 
tion—and the applicability—of certain elementary mathematical operations to data. 
The data must be shown experimentally to lie on a qualitative continuum and to 
exhibit properties corresponding to the postulates of the mathematics before measure- 
ment is proved possible. The postulates in question are those of order, equality, and 
addition. Fundamental measurement is possible if all three sets of postulates are 
met. Derived measurement is possible if the postulates of order and equality, but 
not those of addition, are met. Educational tests attempt to measure learning out- 
comes. These do not lie on a qualitative continuum. Learning integrations involve 
more than the sum of the elementary experiences out of which they are built. Two 
students who achieve the same score by answering different items on a test are not 
thereby shown to possess equal learnings, even after allowing for errors of measure- 
ment in the usual statistical sense. The nature of the interactions among experiences 
and learning outcomes renders extremely dubious the process of assigning to an 
individual a total score consisting merely of the sum of his item-scores. The normal 
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distribution has never been adequately demonstrated to apply to mental traits, and 
normal curve scaling has not been shown to produce equal-unit scales. Progress in 
measurement is to be looked for in two directions: (1) through factor analysis 
methods, which may succeed in isolating simple, abstract, linear aspects of the 
complex of learning outcomes; (2) through a more careful study of “real learning 
outcomes,” leading to the possible development of complex measuring instruments, 
and scoring schemes which actually parallel in some sense the organization of these 
“real learning outcomes.” 

It is impossible in the space of a short review to criticize the book adequately, 
and, as noted above, the reviewer is not yet satisfied with his own criticisms. Only a 
few general comments will, therefore, be made. 

In the first place, it is doubtful if test builders have as strong a belief that they 
are measuring “‘real learning outcomes” as the author implies. They assume, more 
nearly, that they are measuring ome aspect of these outcomes, which is correlated 
positively but imperfectly with the other important aspects. Test experts are among 
the first to insist that the validities of their instruments are lower than the correspond- 
ing reliabilities, but that does not mean that these validities are so low as to render the 
instruments valueless. On the contrary, the universally positive correlation between 
test-scores and competent subjective estimates of “real learning outcomes” provides 
some demonstration of the validities of tests. 

In his discussion of learning, the author makes much of the fact that “real 
learnings,” which affect the self, are to be distinguished from superficial learnings 
and conditioned reflexes, which do not. He mentions but does not stress the fact 
that these latter are forgotten much more rapidly, and implies that many tests tap 
primarily these superficial and rote learnings. This would be true only if each test 
were given immediately following instruction, and if the items called primarily for 
reproduction of the formal elements. By using items which require discrimination 
and reasoned understanding of the facts, and by collecting these into comprehensive 
examinations which are given some time after the formal instruction is over, a 
great part of the criticism is met. This is precisely what the test experts have been’ 
advocating—and to some extent practicing—for a decade or more. 

In his treatment of the foundations of educational measurement in general, and 
of the normal distribution in particular, the author exhibits unfamiliarity with certain 
fundamental statistical principles not found in the elementary texts. He seems, in 
particular, not to know the Taylor-series argument for the first-approximation validity 
of linear combinations of test items, nor the fact that the normal distribution has 
been derived without the assumption of equal, all-or-none, additively-combining ele- 
ments, A great many of his criticisms lose some of their force in the light of these 
mathematical demonstrations. 

In spite of shortcomings in the analysis and solution of the problems raised, how- 
ever, this book should be read, because it is the first, so far as the reviewer knows, 
which states these problems adequately, or even fully recognizes their existence. 

American Council on Education Epwarp E. CurETON 


A History of Science, Technology, and Philosophy in the Eighteenth Century. By 
A. Wotr. New York, Macmillan Co., 1939. Pp. 814; 345 figs. and plates. 

The present volume—which after four years follows its excellent predecessor for 
the sixteenth and seventeenth centuries (reviewed in this JOURNAL, 48, 1936, 695 f.) 
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—maintains the standard, style and arrangement of the first volume. Science is the 
chief subject-matter; technology is important but secondary; philosophy is included 
as a courtesy to a relative of science. Thus we have in this book: Science—mathe- 
matics, mechanics, astronomy, physics, meteorology, chemistry, geology, geography, 
botany, zoology, medicine; Technology—agriculture, textiles, building, transport, 
power plants, machinery, steam-engines, mining and metallurgy, industrial chemistry, 
lenses and specula, mechanical calculators, telegraphy; Philosophy—psychology, so- 
cial science, economics, philosophy proper. 

This volume, like the first, holds to a golden mean between that brevity which 
lists names, dates and events and those long expositions which are thorough at the 
expense of something else. The treatment is not so brief but that it provides insight 
into the development of discovery and thought. Thus for the most part it becomes 
unreasonable for the reader to complain about omissions, since any addition would 
necessitate either the deletion of some other item or the writing of a longer book— 
and surely it is a reasonable undertaking for Professor Wolf to try to write a book 
on eighteenth century science and thought in not more than 772 pages. 

As in the first book, so here there is a short chapter toward the end called Psy- 
chology. It is twenty-seven pages long and deals with Berkeley, Hume and Hartley 
for several pages each, then briefly with Diderot, Condillac, Bonnet and Cabanis, 
then still more briefly with Tetens, Wolff, Kant, and Moses Mendelssohn. It spends 
a page on Pereire’s teaching of deaf-mutes. The chapter is clear and for the most 
part too elementary for psychologists. 

Is there any psychology to be found under Physiology? No, there are only four 
pages on physiology: Haller, Réaumur, Spallanzani, and Hales. The beginnings of 
reflex action with Robert Whytt (1751) are not mentioned, nor his anticipation by 
Astruc (1736). That was a trivial affair in eighteenth century science, but what is 
Professor Wolf going to do about a background for reflex action when he comes to 
the nineteenth century? 

Under the physics of light we get accounts of the conflict of the corpuscular 
theory with the wave theory, of Euler’s contribution to that problem, of Bouguer and 
Lambert on photometry, of Robert Smith’s Compleat System of Opticks (1738). The 
psychologist might have been interested in being told further that Bouguer in his 
photometry anticipated Weber’s Law, that Lambert invented a color pyramid as well 
as a photometer, that the first certain case of color blindness was described by 
Huddart in 1777 and that Dalton’s famous color blindness, which gave rise later to 
the term daltonism, was described in 1798. There is also the large literature on 
after-images and contrast for which Plateau cited in 1878 more than a hundred papers 
dated before 1800. The more important names here are Buffon, Benjamin Franklin 
and Robert W. Darwin. These are omissions that the psychologist would have liked 
to have supplied, but I can not tell Professor Wolf what else he should have 
omitted in order to let these in. 

The physics of sound is very briefly treated: Sauveur on beats and consequently 
on the calculation of frequencies; Euler on the frequency formula for strings; Sorge, 
Romieu and Tartini on combination tones; Chladni on his vibration figures and 
the velocity of sound; Priestley on the effects of different media on sound. Sauveur's 
limits of audibility are given as 121% and 6400, Euler’s as 20 and 4000. I do not 
think that there are important omissions, although the invention of the tuning fork 
by the bandmaster, Shore, is interesting (1711). 
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As a matter of fact there really. was very little scientific ‘psychology’ during the 
eighteenth century, in spite of Professor Wolf's saying: ‘Eighteenth century psy- 
chology showed a marked tendency toward independence as an empirical science. A 
number of works were written on various psychological subjects without any ad- 
mixture of philosophical or theological discussions” (p. 668). He is speaking here 
of Berkeley’s New Theory of Vision and of Hume's Treatise, and certainly these 
authors were more empirical than many of their philosophical colleagues. Neverthe- 
less their contributions lack the faith in experiment and observation that character- 
ized Newton’s discovery of the complexity of white light, or, for that matter, 
Benjamin Franklin’s account of how negative after-images (‘‘spectra’’) give place to 
positive when the eyes are closed. All of which is not to say that Professor Wolf 
has not used his great skill and wisdom in the completion of another masterpiece of 
erudition. 

Harvard University E. G. BorinGc 


Gemeinschaft und Herrschaft als Staats- und Kulturtypen. Ein kulturanthropolo- 
gischer Versuch, By PETER VON WERDER. Stuttgart, Ferdinand Enke, 1938. Pp. viii, 
150. 

It can be argued that the rich anthropological materials have not been sufficiently 
utilized for sociological theory, and as far as the author purports to use them for 
sociological typology one would welcome his attempt, though he tends to identify 
too readily the social conditions among the contemporary “primitives” with the 
“early” form of human societies (pp. 3 ff.). It is more than doubtful, however, 
whether the two concepts of socio-political organization thus derived—‘geronto- 
cratic community” and “patriarchal domination’’"—can be considered as sufficient for 
the analysis and interpretation even of those “early” associational formations. The 
inadequacy of the conceptual equipment of the author becomes still more apparent 
when more complete and infinitely variable historical and contemporary forms of 
dominational associations are approached (pp. 41 ff.). 

The author, however, credits his two fundamental types of political domination 
with the ability to serve the interpretation not only of the legal forms, administrative 
systems, and military organization of any social group, but even of the whole range 
of social activities, art, Science, and so forth (pp. 98 ff.). 

Quite arbitrarily the two basic types of political organization’ (gerontocratic com- 
munity and patriarchal domination) are thus reduced to two “types of family’ and, 
in the last resort, both are related to racial types as expressive of their “natural” 
tendencies (pp. 11 ff.), though the author himself seems to waver somewhat in taking 
this unsubstantiated position. 

In every concrete society the author sees either gerontocratic community or 
patriarchal domination or a mixture of the two. Their “harmonious mixture” is the 
“ideal” political form, only rarely actualized, and it goes without saying that the 
author finds it, among a few other cases such as the Athens of Perikles and the 
Preussischer Ordensstaat, in contemporary Germany. 

The two types are not clear, precise, and unambiguous in themselves, though this 
is the first requirement of an ‘ideal-type.’ The curious thing, however, is that the 
negatively evaluated form of “patriarchal domination” seems to be approximated 
by the reality of the German situation much more closely than ‘“‘gerontocracy” or an 
“ideal mixture’’ of both. 
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No doubt, the author is a gifted young man. He has intuition, constructive imagi- 
nation, and happy apercus which could serve as useful hypotheses. He makes some 
good points, for instance in his sociology of art and knowledge (pp. 88 ff.), but 
good ideas remain without elaboration or substantiation and are presented as dog- 
matic assertions. 

The book is a classic example of the disastrous blinding effects that a political 
ideology produces on scientific theory and research. Nothing could be recommended 
to the author more urgently, in his own interest as a young scholar, than to free 
himself from these ideological bonds, to look around him for sober empirical facts, 
and for more useful theoretical typologies in the field of political sociology. In the 
work of Franz Oppenheimer, Max Weber, Georg Simmel, Tonnies, Pareto, Mosca, 
Maclver, and others, there is available nowadays a considerable wealth of his- 
torically well substantiated and serviceable constructions. 

Columbia University A. VON SCHELTING 


Psychological Factors in Marital Happiness. By Lewis M. TERMAN. New York, 
McGraw-Hill Book Co., 1938. Pp. xiv, 474. 

The problems of marital incompatibility, domestic felicity, and conjugal ad- 
justment are obviously psychological but they are not problems which have been 
much studied nor are they problems which are easy to attack. Because psychologists 
are so often called on for advice (even teaching) in these matters any study, 
especially one by a person so competent, is peculiarly welcome. The present volume 
reports the results of an effort to break into this difficult field. It is, however, essen- 
tially a pioneer research monograph. The marriage counsellor and the person 
involved in marital difficulties will not find much in the book to assist him. 

Obviously the first thing to do was to measure degrees of marital happiness. For 
this a device was developed which is a combination of the rating scale and the 
questionary. With this in hand it was possible to correlate degrees of marital 
happiness with scores on personality measures and to compare in some of the 
various possible ways groups of happily married with the unhappily married. Both 
of these procedures were used, but in the main study on 792 married pairs, 
measures of personality traits were not obtained. The technique was to select from the 
Bernreuter and the Strong tests only certain questions and to add to these many 
others which the investigators thought desirable. However effective this method, 
it unfortunately ruled out the possibility of discovering the significances of the 
various possible Bernreuter and Strong scores. Perhaps this was done because a 
preliminary study did not reveal much significance in such results. The author and his 
associates argue that the sex relation is actually but a small part of married life; 
nevertheless their list of questions includes many items concerning sex practices. 
Much of the book involves the presentation of how the groups differ in terms. of 
answers to specific questions, although one may properly question the reliability of 
information obtained by a single question on any subject. 

The results are on the whole not especially startling. The happily married group 
were found to have had happier childhoods and happier parents, to have been 
subject to less severe discipline, to have had less conflict in adolescence with their 
Own parents, in temperament they were more conformative and in reference to 
family size to have been a little less often ‘only’ children. It was just a little 
surprising to learn that comparisons of the happily married with the unhappily 
married did not show differences in the amount of education as a matter of much 
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significance. Nor were differences in age a matter of much importance. In general 
it might be said in summary of many items that the happily married were of the 
more conservative variety of people. 

Data from so large a number of adults would be valuable under almost any 
circumstances, but data so carefully obtained as these are genuinely worthy of 
very serious attention. A very clever plan was devised whereby husband and wife 
wrote their answers without possibility of influencing each other and then by 
another device which continued to maintain anonymity the returns of husband and 
wife were kept together without anyone knowing the identity of the respondents. 

Doubtless the author and his associates would be the first to agree that the 
problems of marital happiness have not been solved by this study. Certainly no 
one could do much counselling in terms of what has been found here for the obvious 
reasons that these results are p:usented in averages. It may be quite true that a 
difference in amount of education may not be on the average a significant matter 
in the prediction of marriage success but it is quite possible that in an individual 
instance the degrees of education might be very influential. The same may of 
course be said of many other items included. The very important ’’will-to-codperate” 
was not measured and is probably of prime importance. Perhaps the recollections 
of childhood reported are not valid. Such recollections are notoriously unreliable 
and here they may have been colored by the present degree of marital happiness 
or unhappiness. Any reader may feel that the measure of marital happiness used 
does not measure what the reader thinks of as marital happiness but it is a 
carefully prepared device and readers have only their own feelings to go by. 

It is further possible that some of the background items stressed are important 
because of the traitis of personality produced by them and that these traits of per- 
sonality should have been studied. It seems to the reviewer quite unfortunate that 
the methods prevented the determination of Bernreuter and Strong scores in the 
major study. But such things are easy to think of afterward. That the subjects 
for the study were groups of persons living in California and therefore perhaps not 
typical, the author readily admits. Obviously what is needed now is a follow-up 
study which shall sample populations far and wide over the country and by still | 
better methods than those used for this. And, if possible, still other traits should be 
measured with testing begun long before the initiation of the marriage venture. 
Indiana University EpMuND S, CONKLIN 


The Happy Family. By JoHN Levy and RuTH Munroe. New York, Alfred A. 
Knopf, 1938. Pp. 319. 

This is an application of common-sense psychiatry to making happy families. 
It is not an over-simplified or diluted psychiatry, but one which sees the intricacies 
of family relationships, yet has large trust in wholesome living and common sense as 
over against the application of elaborate psychiatric theories. 

Dr. Levy, who seems chiefly responsible for the writing, was an associate pro- 
fessor of psychiatry in the College of Physicians and Surgeons, Columbia University, 
and died: just before the book was published; Dr. Munroe, his wife, was formerly 
professor of psychology in Sarah Lawrence College. The book is delightfully written 
in a conversational style, with a fine dash of humor, and woven around composite 
case studies. Some of the ethics might seem dubious to the more conservative, but 
they are entirely wholesome. 

There is probably nothing very new in the book for the psychologist or psychia- 
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trist familiar with the literature of the family, but there is a profound wisdom in the 
book which will be challenging to the best professionals in this field. 

The authors stress the “unconscious motivation’”’ involved in the relations be- 
tween husband and wife and parents and children, and the need for their recognition. 
The character of the person rather than the immediate circumstances are of most 
importance in controlling his behavior. Marriage problems have two facets: the 
real difficulty and the psychological meaning of that difficulty for the person involved. 
Without minimizing the importance of sex adjustment, they feel that it has been 
overemphasized, and that it is not so important a cause of marital maladjustment 
as many have claimed. They consider the need for love and self-fulfilment as the 
chieF drives in marital relationships, but point out that the desire for dominance and 
protection alternate in every personality and are not uniform in time. 

The common-sense point of view of the book is shown in the following summary 
statement with regard to infidelity: “Married people will do better, I think, to 
follow the course of procedure that seems to them individually natural and right 
rather than to base their decision on elaborate theorizing” (p. 100). 

This book is a good antidote for over-sophisticated or over-conscientious parents 
who have been unable to digest their reading of current literature; is good reading 
for every student of the family; and is recommended for psychiatrists who take 
themselves too seriously. 


Cornell University DwicHT SANDERSON 


The Sex Criminal. By BERTRAM POLLENS. New York, Macaulay Co., 1938. 
Pp. 211. 


Bertram Pollens is the senior psychologist of the Penitentiary of the City of 
New York at Rikers Island, where a ‘Sex Clinic” has been established to study 
intensively the 700 cases which are classified as sex offenders out of the total of 
18,000 commitments each year. According to Richard A. McGee, Warden at the 
Penitentiary, “This book is the first well organized, authoritative, and readable 
effort to bring the subject up to date for the general reader.” 

Pollens emphasizes throughout the book two points: (1) That the traditional 
legalistic attitudes, which disregard the psychological antecedents, should be dis- 
carded; and (2) that the sex criminal is characterized generally by his emotional 
immaturity. On the first issue, society is taken to task for its punitive rather than 
therapeutic attitude toward the sex criminal. On the second, Freud’s convenient 
psychic compartments (Id, Ego, and Super-Ego) are uncritically accepted and intro- 
duced as explanatory concepts. 

Some of the topics discussed in the book are: “Infantile Sexuality,” “Homo- 
sexuality,” “Is the Sex Deviate Born or Made?,” “Is the Sex Criminal Insane?” 
The concluding chapters deal with the disposition of the sex criminal and advice 
to parents. Some interesting conclusions are put forth in the chapter entitled “Sex 
Criminals as a Group,” for example, that most sex criminals are recidivists, that 
there is no real increase in sex crimes, that in a group of sex criminals studied in 
New York 83% of them were over 30 yr. of age, and that although sex criminals 
are not as a group classifiable as feebleminded they are usually of below-average 
intelligence. Pollens suggests that the only proper method of dealing with the 
sex criminal at present is to segregate him from the community, to place him in 
an institution which is neither penal nor correctional, so that he may be super- 
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vised, studied, guided, and, if possible, treated. The institution should be in the 
nature of a mental hospital rather than a jail and psychiatrists and psychologists 
should have the responsibility of supervision and ‘treatment. The book is replete 
with case studies, many of them of recent tabloid notoriety. Only the male offender 
is considered. 

The book will probably prove of interest to some laymen and may also have 
value to parole officers, social workers, and institution authorities. Its point of de- 
parture is sociological rather than psychological. The psychological substance of the 
book is on an elementary level, as might be expected from the fact that it is in- 
tended for popular consumption. The emphasis is expository rather than critical. 
It is distinctly not a contribution to science. It is filled with localisms and slang, 
sometimes in poor taste. The author is unguarded in proposing generalizations as 
truth in the absence of experimental substantiation, as witness the following state- 
ment: “Scientists, who specialize in microscopic work have substantiated their 
peeping instinct, while physicians who derive pleasure from the practice of surgery 
have degenitalized their sadistic trends.” 

Although the book contains information of value to some readers, its acceptance 
by psychologists is limited by the lack of verbal precision. Careless proof-reading 
and lack of adequate organization are added handicaps to its usefulness. A greater 
degree of scientific objectivity and impartiality, even in a popular treatise, might be 
expected from a psychologist. Further revisions prior to publication were in order. 
Rochester, New York ANTHONY J. MITRANO 


The Behavior of Organisms: An Experimental Analysis. By B. F. SKINNER. 
New York, D. Appleton-Century Co., 1938. Pp. ix, 458. 

In this book Dr. Skinner attempts the construction of a positivistic, descriptive 
system of behavior. There are no hypotheses, the various terms used in the ex- 
position being non-explanatory, and merely descriptive of carefully defined modes 
of behavior. New terms are devised, not through any desire for the esoteric, but sim- 
ply because common terms imply a conceptual system, and are thus more than purely 
descriptive. It is interesting to note here the departure from those writers. who use 
old terms, but with new definitions. 

In the study of behavior, ‘running accounts’ are not desired, since they are 
difficult of quantification, Rather, the basic behavioral unit is the ‘‘reflex,” which 
is defined as a given environmental circumstance and a reliable response. Thus, there 
is a “lawful connection’’ between stimulus and response, but there is no attempt 
at the prediction and control of behavior, since this implies “botanizing,” or the 
collection of reflexes. Rather, the attempt is to work out the general characteristics 
of all behavior. A further interesting point is the author’s dichotomy between 
“respondant” behavior, which is directly elicited by an environmental situation, 
and “operant” behavior, which seems spontaneously emitted by the organism. He 
points out that the attempt to force behavior into a stimulus-response explanatory 
system has delayed its adequate scientific treatment. 

After a list and discussion of “dynamic” and “‘static’ laws of the reflex, the bulk 
of the book is given over to the presentation of the results of several years’ ex- 
perimental work by the author upon behavior in the rat. A standard situation, in 
which the animal by pushing upon a lever could obtain a pellet of food, was 
used throughout. This is not the place to summarize Skinner’s results, so suffice 
it to say that an extreme degree of careful control was used, and the results present 
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a remarkable degree of consistency. There is no attempt to be exhaustive—that is, 
not all] drives, for example, were considered. Instead, the author attempted to arrive 
at generalizations adequate for drives in general, and for organisms in general. 

In the penultimate chapter, it is pointed out that neurology is not appealed to. 
This is done for four reasons. (1) Neurology is not actually more orderly than 
behavior. (2) Neurological data do not ‘explain away’ behaviot. (3) More actual data 
concerning the nervous system are needed. (4) A precise behavioral description is 
needed before neurological correlates can be demonstrated. Furthermore, Skinner 
points out that ‘CNS’ should be read ‘conceptual nervous system’ in such a system 
as Pavlov’s, since hypothetical centers and connections are used as explanatory 
media. 

In the final chapter, the systematic approach is summarized. The system is 
mechanistic and analytical, each of which terms the author stoutly defends, The 
emphasis is upon quantitative data. Further, operant behavior is pointed out as 
being most important, since this makes up the bulk of adult behavior. Finally, 
there is no attempted extension to human behavior, although Skinner sees no 
differences, except in complexity and verbalization. 

The reader of Skinner’s book is left with the impression that, whether he agrees 
or not, the author has done his job well. The exposition is very clear and, in the 
reviewer's opinion, unambiguous. By anyone who feels that the future of com- 
parative psychology, especially, lies in the greater objectification of its descriptive 
categories, this work should receive a ready welcome. The emphasis upon operant 
rather than respondant behavior should be hailed by all who object to the forcing 
of behavior into falsely simplified explanatory systems. Perhaps the specific laws 
will be modified with the extension of research, but surely the basic position 
should always deserve respectful consideration. 

University of Alabama F. NowELL JONES 


Mental Therapy: Studies in Fifty Cases. By Louis S. LONDON. Vols. I and II. 
New York, Covici-Friede, 1937. Pp. viii, 774. 

The author makes excellent use of the case method to show the relation between 
the neuroses and psychoses and to illustrate the technique of psychoanalysis in 
psychiatry. The neuroses, or psychoneuroses, including the paraphilias (perversions), 
are classed as minor psychoses “‘to differentiate them from the psychoses proper, often 
referred to as major psychoses.” The 50 cases are drawn from the author’s own 
practice and include a wide range in the field of psychopathology. The narrative 
form of these case reports makes possible for the reader a sense of progress in each 
analysis. He sees not only the patient and his symptoms, but also the analyst at 
work. 

The author's interest is primarily that of the psychiatrist. He follows Stekel, 
with whom he worked in Vienna in 1932, in asking, “What can psychoanalysis and 
my experience do for the patient?,” rather than asking with Freud, “What does 
the case bring for science?” In general, the author agrees with Stekel in both 
theory and practice. In Chapter II he gives a brief survey of trends in psychoanalysis. 
He concludes that ‘the two schools, the orthodox Freudian school and the Stekelian, 
which had been diverging for the past two decades, are now approximating.” 

Part V reports cases of schizophrenia and paranoia; Part VI, cases of manic de- 
pressive, or cyclic, psychoses. In Case 39, the author reports a favorable outcome 
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in an advanced case of schizophrenia after four years of psychoanalysis. “Not only,” 
he concludes, “has he (the patient) made a satisfactory adjustment to hetero- 
sexuality, but he has resumed his studies and will eventually study commercial 
chemistry. Nevertheless, there is still a question as to the practicability of analyzing 
cases of dementia praecox.” He is equally cautious about exaggerating claims for 
psychoanalysis in the case of manic depressives, but urges further exploratory 
analysis in both of these major psychoses as likely to throw light on psychogenesis 
and etiology. 

Psychologists will find these case studies valuable source material in abnormal 
psychology, and particularly in the psychopathology of sex. Part III includes 17 
cases of paraphiliac neurosis, or sex perversion, and there are examples of para- 
philiac trends or sexual maladjustments in a majority of the other cases reported. 

The implications of these case studies for a program of mental hygiene which 
includes prevention as well as therapy are not discussed by the author, but should 
be pondered by any reader who is interested in education, in the applied fields of 
psychology, in court or welfare work, or in public health, as well as by the psychia- 
trist. One is impressed by the geometric ratios involved in social contacts. Each of 
these cases is reported as an individual. Yet each of these individuals had significant 
contact with many others. If Case 10 indulged as a child in sex play with three, 
four, or five other children, these three, four, or five presumably each had similar 
experiences with others: In the same way there is a widening circle in the case 
of the perversions. It is seldom that they are passed on by one individual merely 
to a single partner. 

There is also in these considerations an implication for the psychiatrist himself 
in the matter of social responsibility. There is the analyst-patient relationship, as in 
the treatment of disease by the physician, but there is also a public mental hygiene 
responsibility. The physician recognizes a public health responsibility when he 
reports a communicable disease and quarantines his patient. How can the psychia- 
trist show himself equally responsible? 

Dr. London closes his second volume with a glossary. It is easy to criticize a 
definition, but often hard to write one. Psychologists will be likely to criticize the 
following unfavorably: ‘Conscience: That part of our mental faculty which deals ~ 
with the moral sense of right and wrong.” “Hypnotism: A form of therapeutics 
where a person is forced into an unconscious state by command of the therapist.” 

Ohio State University Francis N. MAXFIELD 


Hearing: Its Psychology and Physiology. By S. S. STEVENS and H. Davis. New 
York, Wiley, 1938. Pp. xv, 489. 

The authors attempt to present an inventory of the recent discoveries in the 
psychophysiology of hearing, and to determine to what extent auditory research is 
able to yield a consistent point of view. Of the 330 titles listed in the bibliography, 
280 have dates of publication more recent than 1927. No attempt is made to orient 
the respective topics historically. Other deliberate omissions are the fields of applied 
acoustics, speech, phonetics, noise and music. The book is divided logically into two 
sections: the first nine chapters deal with the psychology and the last nine sections 


with the neurophysiology of hearing. 
The first part of the book begins with an onileels of the nature of the auditory 
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stimulus and is followed by a treatment of pitch, loudness, volume, density, localiza- 
tion, harmonics, fatigue, vibrato and beats. The second part is concerned with an ele- 
mentary presentation of the anatomy of the ear, following which is a short chapter on 
bone conduction and deafness. Preceded by a section on neurophysiological principles, 
the next two important chapters deal with aural microphonics (“cochlear effect”) and 
the réle of the basilar membrane. In the authors’ opinion, the best explanation at 
the present time is some form of a “place” theory. The concluding three chapters 
deal with the nerve impulses in the peripheral and central acoustical pathways. Much 
significant material concerning the relationships between the cochlear effect and 
true auditory potentials is presented and constitutes one of the more important 
sections-of the book. 

To some extent, criticism of the choice of references, amount of discussion allo- 
cated to the various topics, etc., depends upon the predilections of the particular 
reviewer. In general, the studies surveyed are good, although one could argue for 
the inclusion of a number of recent important studies which have been omitted. 
From a student’s point of view, reference is made to the work of some 12 investiga- 
tors for which no bibliographical sources are given. There are also about 21 citations 
in the list of References (of which 17 were reported since 1927) which are hever 
mentioned. Since a source-book was not the objective, these references should have 
either been omitted or else discussed in the text. In several instances, experimental 
studies are improperly cited. 

What of the book as a whole, the avowed purpose of which was an inventory 
of recent discoveries? If the volume is accepted as an expression of the work and 
viewpoint of the Harvard Laboratories, it does accomplish its objective. This does 
not mean that only studies from this laboratory are discussed, but that the Harvard 
data have been emphasized. As such, a contribution has been made which no serious 
student of the field can overlook. 

Often the discussion consists simply of an abstract of a particular experiment, the 
value of which would have been materially enhanced if the treatment had been more 
critical. For example, the analysis of auditory localization seems to be quite weak. 
While comparisons are perhaps invidious, the same topic treated by Woodworth, 
(Experimental Psychology, 1938, 518-534) is a more scholarly and organized presen- 
tation. While sufficient time has elapsed since the first studies of cochlear micro- 
phonics in 1930, the results of many investigations do not seem to have clarified 
several vexing problems. Speculation is offered in the interpretation of specific 
phenomena, but this did not go far enough. Since the purpose was to “determine 
to what extent auditory research is able to yield a consistent point of view” one 
can only conclude that either the authors missed their goal badly, or else a co- 
ordinated account is not possible at the present time. They state that “theories 
flourish on a certain sparseness of facts and wither in the face of abundance” (p. x). 
One can take issue with this remark or not, but one good hypothesis is worth a 
dozen uncoérdinated facts. 

The decade initiated by the report of Wever and Bray in 1930 has brought about 
a remarkable development of our knowledge of the electrical phenomena of the 
peripheral acoustical mechanisms. Our understanding of the central acoustical system 
has not progressed at the same pace. Anatomically there is the work of Né, Poliak 
and Walker; studies of the electrical responses of the brain stem by Kemp et al.; 
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functional studies of the medial geniculate bodies by Ades, and that of the com- 
ponent tracts by Culler and his associates. Beside the studies of Kornmuller in 
1937 and Pfeifer in 1921 on cortical electrical functions, this about covers the 
pertinent experimental data on the central acoustical system. It is possible that 
further advance in our knowledge awaits the acquisition of more data on the 
cortical auditory pathways and their réle in hearing. 

From a pedagogical point of view, this book is neither an introductory text nor 
a handbook. In the former capacity, several sections are far in adyance of anything 
now available. The treatment of the properties of the auditory stimulus, the electrical 
techniques and instrumentation should be of considerable value to the student. A 
clearcut distinction between the properties of the stimulus and the psychological 
attributes is very ably presented. The relationship between intensity and frequency 
in determining both pitch and loudness is likewise handled very well. The student 
will also find a good statement of the neurophysiological principles and their sig- 
nificance for hearing. Many sections are far beyond the introductory student. It also 
follows, that some sections are too simple for the scholar. That the book is not a 
handbook is not intended as a criticism, since this objective was clearly not the 
authors’ goal. However, as stated in the introductory Perspective by one of the 
dedicatées, ‘Certainly we are now ready for a new Lehre von den Tonemfindungen 
to orient us” (p. vii). 

Brooklyn College EpwArRD GIRDEN 


Elements of Psychology: An Introduction. By ALBERT CLAYTON RED. New 
York, Prentice-Hall, 1938. Pp. xix, 409. 


To write a textbook of psychology from a frankly elementaristic point of view 
requires nowadays considerable courage. For this reason, if for no other, Professor 
Reid is to be complimented. He has adhered loyally and openly to the tradition of 
the late Professor Titchener. In the arrangement of chapters, even in the ar- 
rangement of topics within chapters, he has deviated only slightly from the plan of 
Titchener’s Textbook of Psychology; and his style is characterized by a directness and 
lucidity which shows the influence of the Titchenerian model. The student should 
find the book clear, interesting and not too difficult. 

The reaction of the professional psychologist to the book will probably be one 
of disappointment. It is like an echo from the past. One gains the impression, not 
that the psychology of the past twenty years is insignificant, but that the past 
twenty years have never really existed. Much of the book might, in fact, have been 
written in the days of Helmholtz or Ebbinghaus. One cannot quarrel with a writer 
for adhering to a conservative point of view. One even has a certain lurking respect 
for an experimentalist who finds little dignity in chapters on motivation, person- 
ality and the testing of intelligence. One must insist, however, that even an intro- 
ductory textbook pay at least some attention to the current research in the field which 
it purports to represent. A psychology of elements still constitutes, in theory at least, 
a defensible point of view. It has been vigorously challenged both on theoretical 
and on experimental grounds. It is a pity that Professor Reid, as one of the few 
remaining Titchenerians, has not attempted to meet that challenge. 

Swarthmore College R. B. MacLzop 
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You Can Sleep Well. By EDMUND JACOBSON. New York, McGraw-Hill Book Co., 
1938. Pp. xix, 269. 

Those who are acquainted with Jacobson’s earlier publications on progressive re- 
laxation will not be surprised to find that the present volume contains a popularized 
extension of his program to the induction of sleep. The author has gained in literary 
fluency with the passage of time; his device of making “The Doctor’ the protagonist 
who conducts conversations with the reader definitely aids in maintaining interest 
in his exposition. On the systematic side, one senses a definite change on only one 
point; namely, that Jacobson is now apparently convinced that relaxation can be 
learned in somewhat less intensive fashion than he had previously maintained. 

The lay reader will probably most enjoy the earlier chapters with their fluent 
description of the varied means by which Everyman courts sleep. Psychologists will 
read with greater interest the two chapters which review attempts that have been 
made to measure sleep and the theories which have sprung from these attempts. 
Those who are not concerned with the psychology of sleep may find reason for 
reading the volume in Jacobson’s treatment of the relationship between muscle ten- 
sion and various types of imaginal activity. Certainly all psychologists will recognize 
that Jacobson has not failed to use his literary device to take certain covert digs at 
some of his contemporaries, Even the dullest reader will not fail to mark the author’s 
persistent effort to disclaim any connection between the effects of progressive re- 
laxation and those of suggestion. 

University of Maryland JOHN G. JENKINS 


New Trends in Group-W ork. Edited by J. L1EBERMAN. New York, Association 
Press, 1938. Pp. xii, 229. 

Of more interest to educators and social workers than psychologists, this book is 
a collection of papers from varied sources. The two avowed objectives of the book 
are to encourage “‘self-critical thinking and experimentation” in the field of group- 
work. The latter objective apparently is considered important by the editorial board 
for they say, when seeking appropriate contributions, “we were astonished at the 
almost complete absence of material describing experimental group-work efforts, and 
we found very little material on group-work processes in activity and group-rela- 
tionships.” The implication would seem to be that all of the studies on the social 
behavior of children lie outside of the field of group-work. The social psychologist, 
however, may well feel that this is a rationalization for the “inspirational” approach 
to problems in the field rather than one of controlled observation. 

If the contents of this book are a sample of the efforts of group-workers, “‘self- 
critical thinking” among them is certainly a necessity. This may be exemplified by a 
low point in the book where one author, after what is apparently intended to be a 
description of Pavlov’s experiments on the comatose state induced in dogs during 
trace conditioning, asks the rhetorical question “Are we not justified, then, in 
concluding that all frustration (sic) tends to create corresponding inertia and that 
normal functioning is thus interrupted?” The outstanding article is one by G. B. 
Watson entitled “Virtues versus Virtue,” a truly critical analysis of procedures in 
character education. In the reviewer's opinion this article should be read by every one 
working in the field of character education. 


University of California Epwin E. GHISELLI 
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Some Factors Affecting Resumption of Interrupted Activities: By Preschool Chil- 
dren, By EvELYN Katz. Minneapolis, University of Minnesota Press, 1938. Pp. ix, 
52. 

This monograph reports the results of the author’s experiments on the resumption 
of interrupted activities by children. The experiments are notable for the extreme 
care exercised by Dr. Katz in controlling the conditions surrounding the original 
tasks and the presentation of the test situations. The study is mainly concerned with 
the effect on resumption of the stage of the original task at the time of interruption, 
and on the presence or absence of alternative tasks. The monograph is well written, 
and the comments are cogent. The student interested in this topic will find the intro- 
ductory remarks concerning past work, and the conclusions especially interesting. 

University of Alabama F. NOWELL JONES 


La function de limagination. By RENE Lacroze. Paris, Boivin et Cie., 1938. 
Pp. 159. 

This is the sequel and companion-piece of the author’s longer treatise, L’angoisse 
et l’émotion, in which was advanced the not un-Spencerian thesis that discomfort, 
disquietude, or uneasiness is the primordial root of all emotion. Disclaiming any 
intent to revive faculty psychology, and assuming the functional approach to be 
complementary to the structural, Lacroze defines function as the orientation of the 
organism toward a definite end, through some more or less stable psychological 
synthesis. The problem as to whether imagination is purely a gratuitous operation, 
subserves explanatory or practical needs (as in myth or magic), or has merely an 
autistic function, is then attacked. 

In a long argument, running through eight chapters, and illumined by citations 
ranging from Comte, Lang, and Lévy-Bruhl through Janet, Ribot, and Bergson to 
Claparéde, Dumas, Sartre, Dalbiez, and the less extravagant disciples of Freud, 
Lacroze supports (rather than arrives-at) the conclusion that the function of imagi- 
nation in dreams, in religion, in metaphysics and in art is purely subjective and 
personal, the fortifying of the inner self against the sense of human impotence. . 
Art and religion, in this view, afford temporary respite from anticipated and in- 
evitable failure, by way of mass emotion, or brief illusion of the vulnerability 
of material forces to human need, through prayer or magic. 

The exaggerations of imaginative function and the disorders to which this may 
lead are touched upon, though a contribution to normal rather than abnormal psy- 
chology is obviously the aim. In the chapter on Symbolism there is reference both to 
Freudian theories, and to the French symbolist poets; to the relation, also, of imagery 
to thought. 

Much of the argument is on the a priori or arm-chair level, revealing in the 
opinion of the reviewer little intimate knowledge of primitive man or the child 
mind. The social function of imagination, its interpretative aspects, its réle in 
‘invention, its daily service in the enrichment of life, are minimized or overlooked. 
The task of imagination is defined in terms of the thesis of the earlier volume, the 
fundamental disquietude of existence, for which it serves as anodyne. According 
to Lacroze, the primary service of imagination is the fictitious realization of desire, 
offering salutary outlet to the many impulsions, spontaneous expression of which 
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is incongruous with a complex civilization. The complete story of the imaginative 
functions is obviously yet to write. 

These twin volumes serve, however, a secondary purpose. Not only does their 
prevailing pessimistic tone illume the ‘introvert’ temperament of the author and 
certain of his countrymen, notably Pascal, Renan, Maurice de Guerin; it reflects also 
the disturbing implications for the life and aspirations of the individual of the 
present European scene. 

Though this second monograph is a contribution to theoretical rather than em- 
pirical psychology, the breadth and sweep of the discussion, in fluent and melodious 
prose, offers refreshing contrast to much of the merely expedient and mediocre 
product of the psychological press. The typography of the volume is excellent. A bib- 
liography of 142 titles and a helpful index of citations is appended. 

Cornell University ELsIE MURRAY 


Psychology of Child Behavior. By ARNE S. JENSEN. New York, Prentice-Hall, 
1938. Pp. xxi, 664. 

A recent survey of the teaching of psychology in state teachers colleges indicates 
an interest in a greater emphasis on the growth and development of children, 
adaptive and adjustive behavior, and techniques for the control and modification of 
behavior. Jensen’s book on child psychology is an out growth of class experience 
and reflects this interest and trend in the table of contents. After an historical 
introduction in Part I he devotes Part II to an examination of the child as an 
organism with chapters concerned with physical, motor, and mental growth, heredity, 
native equipment, learned responses, and individual differences. In Part III he 
treats of the child as a social being in the expressive arts, play, intellectual life, the 
emotional life, behavior problems, and group life. Part IV reflects principles of 
child guidance, including a discussion of mental hygiene, personality development, 
and the hygiene of behavior. A final division (V) gives an orientation of the child 
in relationship to scientific fields and to the future. The method of organization 
involves some duplication of theme in Parts III and IV. 

Planned primarily as a textbook, the treatment is elementary in style and content 
as contrasted to recent books in the field. For example, Chapter IV on Physical, 
Motor, and Mental Growth is presented without a statistical table, graph, or refer- 
ence to a recent scientific journal. Suggested reading and references are to other 
books rather: than to current periodical literature. The elementary nature of the book 
is reflected in its list of general references which emphasizes material from popular 
publications, such as American Mercury, Ladies’ Home Journal, Atlantic Monthly, 
Science News Letter, Good Housekeeping, and Time. Jensen does not utilize 
directly current material from such organizations as the Society for Research in Child 
Development or place much reliance on technical psychological, medical, or bio- 
logical journals. Journal writings are sometimes quoted by secondary reference to 
other textbooks. 

The book will probably find some use in institutions offering courses in child psy- 
chology without prerequisites for students who will not be expected to develop an 
interest in current research. 

University of Michigan WILLarD C. OLSON 
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Prolegomena in Psychologiam. By GIACOMO VAN DER VELDT. Rome, Libreria del 
Collegio di S. Antonio, 1938. Pp. 308. 

Father van der Veldt, Professor in the Ateneo Pontificale di Propaganda Fide 
at Rome, belongs to the Minorites, an Order noted for an interest in the problems 
of psychology which extends back to the Middle Ages—to Robert of Lincoln, 
Roger Bacon, St. Bonaventure, Duns Scotus. His book offers, in Latin, a Preface 
to psychology; since Latin is still an international language in schools of the Roman 
Catholic clergy, the book may well enjoy considerable popularity. The choice of 
Latin, however, has brought the author difficulties; on occasion, as he says, he has 
had to sacrifice Latinity for clearness, and to borrow words from the modern 
tongues. Thus we are prepared to meet neologisms like ‘behaviorismus,’ ‘function- 
alismus,’ and ‘configurationismus’ (Gestalt). 

The volume, intended as a manual or a book of reference for students, is divided 
into four chapters. The first discusses in some detail the aim and scope of psychology, 
and in an Appendix treats, from both the doctrinal and historical points of view, 
the relation of the natural sciences to psychology. The second presents an historical 
survey of psychological thought from the Greeks to the present time, but not 
neglecting primitive and Oriental, psychologies. The treatment here is perforce 
brief. Plato receives only seven lines, Patristic and Mediaeval Psychology five pages, 
Experimental Psychology in America six pages. The inclusion of a section on history 
in a textbook on psychology the present reviewer counts as a virtue. 

Chapter III describes the manifold divisions of contemporary psychology, distin- 
guishing the systems according to aim, scope, and method, and in addition considers 
the special fields of psychology. In order to illustrate the author's method of sub- 
joining brief appraisals to his descriptions and expositions I translate two short sec- 
tions on psychoanalysis: ‘Merits: It has contributed much to our knowledge of the 
processes lying hid in the psychic depths. Not only does it inquire formally into 
desires, longings, and instincts, but it also reveals their real, individual aspect. 
Rightly and deservedly does it extol psychic dynamism, and lay bare the flow of 
instincts into the phenomena of consciousness. For psychiatric studies it proves 
exceedingly fertile. Contra: Though it may truly make numerous observations of a ° 
most subtle kind, yet many of its claims are gratuitous, and even more of these are 
greatly exaggerated. Its sexual theory concerning the importance of the instincts in 
the psychic life is surely exaggerated, and in a number of points has by no means 
been proved. The applications it makes in the fields of religion, theology, pedagogy, 
and art, resting as it does on the doctrine of sublimation, are sometimes impious 
and perilous, and often ridiculous.” The final chapter studies methods, general and 
special, including measurements. 

The work has an orderly arrangement. The interpretations are clear, and the 
criticisms, despite the dangers involved in simplification, are generally fair. A se- 
lective bibliography is affixed to individual sections, In the General Bibliography 
I miss Bentley’s Field of Psychology; and in the list of periodicals the American 
Journal of Psychology is listed under its former editorship. 

Cornell University Harry CAPLAN 
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Anoxia, psychic effects of, 74, 81; see 
also oxygen-deficiency. 

Anthropology, cultural research, 212; 
Shamanism in Western North Amer- 
ica, 153; sociology and, 655 f.; South 
American Indian, 324 f. 

Anticipation, in emotion, 191. 

Apparatus, colorimeter, 348; crystal ball 
illusions, 449 ff.; electro-encephalo- 
gram, 509; exposure, 536 ff., 640 f.; 
eye-movement, 625 ff.; Galton bar, 
632 f.; manual steadiness, 274 ff.; 
maze, variable multiple-choice, 113 ff.; 
neurovoltmeter, 620-624; olfactory 
stimulator, 114 f.; obstruction box, 
629-631; pneumograph, Manning, 
116; polygraph, Darrow, 631 f.; ro- 
tational speed, 276-277; spectroscope, 
251; typewriter in item analysis, 111- 


113; visual-tactual illusions, 449-452. 

Apparent movement, 32. 

Applied psychology, see Psychotechnol- 
ogy. 

Art, extroversion and introversion, 648 
fs psychology of, 642 ff., 645 ff.; 

social culture and, 220. 

Association, controlled, 26; thinking 
and, 162 

Association-test, discussion of, 79; in- 
struction, 75; oxygen-tension and, 74. 

Audition, acuity, 97; electrical tech- 
nique, 13; motor techniques, 13; psy- 
chology and physiology of, 661 ff. 

Auditory, cortex, 14; system, 3. 

Auttokinetic movement, 32. 


Behavior, child, 666; effect of benze- 
drine sulfate on, 60; experimental 
analysis, 659 f.; infant, 53; science of 
human, 150 f.; teacher’s problems, 
160; thinking as subvocal, 162. 

Bilingualism, memory span and, 98. 

Biography, sickness and death, 326 f.; 
see Necrology. 

Biology and crime, 315 f. 

Black as color, 242. 

Blood-pressure, 28. 

temperature senses and, 

2 


Boredom, autohypnotics and, 469; benze- 
drine sulfate and, 60, 297; definition 
of, 467-471; fatigue in, 470; motiva- 
tion and, 468; rating scales of, 470; 
sleep in, 469; see Satiation. 

Business, see Psychotechnology. 


Catatonia, benzedrine sulfate and, 62. 

Cause-effect relationship, 103-110; in- 
sight into, 107; children’s concepts of, 
318 ff. 

Central nervous system, benzedrine sul- 
fate and, 59 f.; brain, 18, 144 f.; 
cerebral hemispheres, 1; corpus cal- 
losum, 1, 4, 13; effect of curare on, 
266-273; environment of the, 144 f.; 
excitation-time of, 267; fields of, 26, 
extra-pyramidal, 29; functional hy- 
potheses, 81; hemidecortication, 7; 
lesions in, 13; localization, 14; pain- 
center, 347; patterns, 24; reduced 
oxygen and, 72; sylvian gyrus, 14; 
temporal lobes, extirpation of, 6, 9 f. 

Child, cause-effect relationship of the, 
103-110, 318 ff.; development mono- 
gtaphs, 477-478; effects of rotation, 
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83-88; interrupted tasks, 665; muscu- 
lar tensions in, 360; psychology, 149 
ff, 666; study of, 158 ; synesthesis, 361. 

Clairvoyance, precognition, 328. 

Climate, psychological effects of, 330. 

Clinical, guidance, 498; mental therapy, 
660 ff.; reading disability, 533-561; 
unconscious behavior, 562. 

Cochlea, cortical representation of, 14; 
differential effect at, 13. 

Cold, see Temperature senses. 

Color, black as, 242; complementary, 
254, 408; contrast, 411; equation, 
352, 447; gray as, 243; industrial 
formula, 423; naming, sex difference 
in, 380-382; memory, 258; mixture, 
120; models, 399, 439, 443; nota- 
tion, ICI system, 117, 412 ff., 419 
ff., 428 ff., 436; primary, 117 ff., 242 
ff., 348 ff.; psychologically unique, 
117-121, 242-254, 348-353; spectral, 
250; subjective, 227-241, 610-615 
(see Fechner’s colors); tolerance, 
symposium on, 383-448. 

Color vision, adaptation, 407; Bezold- 
Briicke phenomenon, 392; binocular 


fusion, 117; brightness, 120; chroma, 
120; from line-patterns, 227-241, 610- 
615; Helmholtz’ theory, 117; Hering’s 


theory, 119; individual differences, 
407; Ladd-Franklin’s theory, 119; 
modulation theory, 610; qualities psy- 
chologically unique, 117-121, 242-254, 
348-353; surface, 407. 

visual and photoelectric, 
22. 

Colorimetry, ICI tables, 117, 412 ff., 419 
ff., 428 ff., 436. 

Conditioned response, 27, 52-54; audi- 
tory, 1; benzedrine sulfate and, 61; 
configuration of, 23; curare in, 266; 
dog’s, decorticated, 3; extinction of, 
100, 586; flexion, 47, 89; higher order, 
579-591, incentive and, 46, 579-591; 
infant’s, 53; motivation and, 579-591; 
motor, 3 f., 13; pattern of, 46; pos- 
tural adjustment in, 89-94; relative 
difficulty of orders, 586; reminiscence, 
608; retraining, 586; salivary, 3, 47, 
100; social, 213; social factors, 53; 
stimulus-substitution, 46-55; theory of, 
22; type R, 53. 

Configuration, 256. 

Conflict, human, 158 f. 

Contrast, color, 411. 

Correlation, interpretational 
122-124. 

Crime, causes of, 315 f.; sexual, 658 f. 


fallacies, 


Curare, 266-273. 


Deafness, handicap, 157. 

Depth psychology, 457. 

Difference limen, 384; equal judgments 
in, 386; equality of, 390. 

Discrimination, awareness and, 562-578; 
brightness, 125; color tolerance, 384; 
pitch, 97; tonal, 1-15; training in 
pitch, 639; visual, in phylogeny, 465. 

Distraction, 354-360. 

Dog, spinal, 25. 

Drugs, alcohol, 64; benzedrine sulfate, 
56-64, 297-299, 469; caffeine, 469; 
curare, 266-273; ephedrine hydro- 
chlorine, 469; narcotics, 59. 

Dynasomatic psychology, 170. 


Eastern Psychological Association, 10th 
annual meeting, 473-475. 

Education, college and life, 160; emo- 
tion and, 152; how to teach, 325 f.; 
measurement, 652 f.; mental health 
through, 325; preschool, 322; prob- 
lems of, 151 f.; psychology of, 155, 
483 ff.; remembering and, 374. 

Electro-encephalogram, 503-532. 

Emotion, anguish, 497 f.; art and, 220; 
benzedrine sulfate and, 57; education 
and, 152; electro-encephalogram and, 
517; expression of, 187; functional 
study of, 186-209; love and hate, 329; 
oxygen-deprivation and, 80; patho- 
logical approach, 186; physiological 
approach, 186; physiological aspects, 
195; postural sets, 26; retroactive in- 
hibition and, 599; stages of, 191 ff.; 
theories of, 187. 

Enuresis and benzedrine sulfate, 59. 

Environment, the brain’s, 144 f. 

Equilibrium, in visual field, 33. 

Esthetics, 220, 642 ff., 644 ff., 645 ff. 

Excitation, proprioceptive, 25; tonic 
origin, 24. 

Excitation-time, cortical, 
roots, 267. 

Experimental psychology, 131 ff., 495 f.; 
laboratory manual, 499. 


Family, the happy, 657 ff. 

Fatigue and boredom, 470. 

Fechner’s colors, 227-241, 610-615; ef- 
fect, of background and pattern, 236; 
of illumination, 610-615; of instruc- 
tion, 234 ff., of spacing, 239, of eye 
movements, 240. 

Field-forces, movement phenomena and, 
44; stable configurations and, 32; 
stimulus-pattern and, 33; visual  per- 
ception, 32. 


267; ventral 
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Field-theory, social behavior and, 223. 

Forgetting, 100-102; crowding of ma- 
terial, 601-609; curves of, 372; dur- 
ing sleep, 65-71, 601; interference 
and, 602; rehearsal and, 372. 

Frustration and aggression, 480 ff. 


Galvanic skin-response, 28. 

Gestalt, 126; isomorphism, 31; psychol- 
ogy, 31, 146 f.; social psychology and, 

211; 32. 
tay_as color, 243. 

Growth, mental, physical and, 666; so- 
cial relations and, 211. 


Hiaberlin, philosophy of, 155. 

Habits, paradox in, 293. 

Haptics, 646 ff. 

Higher mental processes, 161. 

History, Chinese psychology, 501; of 
science, technology, and philosophy, 
653-655. 

Hysteria, benzedrine sulfate and, 63. 


Illusion, crystal ball, 449-452; Hering’s, 
40; Zéllner’s, 44. 

Imagery, mental, 95. 

Imagination, anticipative, 193; function 
of, 665 f.; subliminal perception and, 
563; tests of, 640. 

Indians, South American, 324-325. 

Individual differences, color vision, 407; 
inheritance of, 650; psychology of, 
300, 649 ff. 

Infant behavior, 53. 

Inheritance of intelligence, 634-638. 

Inhibition, proactive, 69; retroactive, 69, 
bodily states and, 599, emotion and, 
599, proactive and, 592-600, 607. 

= actuality of, 177; thinking as, 
1 : 


Intelligence, alpha rhythm and, 503-532; 

edrine sulfate and, 60; inheritance 

of, 634; memory span and, 99; men- 

tal-age changes, 508; probable error 

in measurement, 507; of siblings, 
634-638. 

Inter-Society Color Council, 1939 meet- 
ing, 130; symposium on color toler- 
ance, 383-448. 

Introspection, quantification of, 367-371. 


—. Psychosomatic Medicine, 476- 


77. 
“Judd,” unit of color difference, 438. 


Knowledge and society, 157. 


Learning, habituation and tension, 360; 
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individuation of material, 599; L-R 
habit, 13; meaningfulness of material, 
70; retroaction and proaction, 592- 
600; substance, 372; tension-pattern 
in, 354; trial-and-error, 110; see Con- 
ditioned response. 

Life, college and, 160; psychology and, 
148, 159, 321, 498. 

Localization, auditory, 1-15. 

Logical relations, children’s insight into, 
103; trial and error in learning, 110. 


Man, original nature of, 483; Pithe- 
canthropus, 157 f.; pygmies, 157 f. 
Marriage, psychological factors in, 656 f. 

Mass action, 14. 

Maturation, 85, 606. 

Meaning, cultural products and, 218; 
discussion of, 70; experience and, 255. 

Means-end relation, in culture products, 
217; goal-seeking and, 218. 

Medicine, psychosomatic, 476-477. 

Meetings, American Association of Ap- 
plied Psychologists, 476; American Psy- 
chological Association, 125; Eastern 
Psychological Association, 473; Inter- 
Society Color Council, 130, 383; Mid- 
western Psychological Association, 
475. 

Memory, auditory, 95-99; 
school grades and, 98. 

Mental, activity, metabolic rate in, 356; 
deficiency, mongolian idiocy, 503-532; 
growth, physical and, 666, social rela- 
tions ak 211; hygiene, 666; educa- 


span, 95, 


tion and, 325. 

Metabolism, distraction and rate of, 354; 
mental activity during, 356. 

Midwestern Psychological Association, 
14th annual meeting, 475-476. 

Motion pictures, effects of, 316-317. 

Motivation, boredom and, 468; con- 
scious, 367; satiation and, 297. 

Motor, activity, benzedrine sulfate and, 
57; capacity, culture and, 216. 

—s induced, and past experience, 
265. 

Munsell colors, notation, 436; ratio 
method, 394-405. 

Muscular pattern, 33; tensions and dis- 
traction, 354. 

Music, psychology of, 644 ff. 


Necrology, Garth, T. R., 479; Klemm, 
O., 308-309; McDougall, W., 303- 
307. 

Nervous system, electrical signs of activ- 
ity in, 322; in emotion, 196;  inte- 
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gration, 25; ventral roots, excitation 
time, 267; see Central nervous system. 

Neuromuscular mechanism, phasic, 20; 
tonic, 20. 

Neurosis, experimental, 7, 90; in rats, 
616-619. 

Normal probability curve, paradox in, 
293-296. 

Nursing, 502. 


Obituary, see Necrology. 

Observer, 73. 

Opposition, understanding by children, 
103. 

Optics, physiological, 159. 

Oxygen-deficiency, emotion and, 80; 
higher mental processes and, 72-82; 
psychological effects, 72. 


Pain, affective quale, 337; affective 
theory, 337; cerebral center for, 347; 
history of, 331-347; intensive theory, 
336; pleasure and, 331, 342; sensory 
theory, 336, 341. 

Parergasia, see Schizophrenia. 

Past experience, movement and, 265; 
perception and, 255; sensory qualities 
and, 257. 

Patterns, muscular, 19; stimulus, 19. 

Perception, 192; color tolerance, 384; 
configurational, 376; constancy, 265; 
movement, 376; past experience and, 
255-265; postural component, 26; 
stimulus-pattern and, 31; subliminal, 
562, 577; visual, 376-379. 

Perseveration, 606. 

Personality, achievement of, 486 f.; art 
and, 648 }.; a growing, 160; Harvard 
studies, 453-462; human _ abilities, 
501; mental conflicts and, 498 f.; 
psychological foundations of, 493 f.; 
society and, 496; tests, 320, 455; vari- 
ables, 459. 

Phi phenomenon, 32. 

Philosophy, civilization and, 157; his- 
tory ”§ 497; history of eighteenth 
century, 653 ff.; mental world and, 
502; “truth,” 489 ff.; world-view, 
492 f. 

Phonetics, experimental, 313 }. 

Pithecanthropus, pygmies and, 157 f. 

Pituitary gland, research on, 148 f. 

Pleasure, pain and, 331, 342. 

Pleasantness-unpleasantness, 342. 

Polarity, psychical, 328. 

Posture, adjustment, 20, 89-94; effect 
of, 27; substrate of, 21; thinking and, 
183. 

Precognition, phenomena of, 328. 

Predisposition, see Set. 
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Proprioceptive impulses, 26, 

Psychoanalysis, experimental psychology 
and, 453; science and, 457; social psy- 
chology and, 211; technique of, 143 f. 

Psychologists, distinguished, places of 
baccalaureate degree, 285, of birth, 
280-282, of doctorate, 286, of em- 
ployment, 289; experimental society, 
302. 

Psychometric function, 385-386. 

Psychophysiological relationships, 73-74. 

Psychophysics, of color tolerance, 384- 
394; sense-distance, 389, 394; stand- 
atd deviation, 388; see Difference 
limen, Ratio method. 

Psychosomatic medicine, 476-477. 

Psychotechnology, business, 317; color 
tolerance in industry, 413; 428-448; 
time and motion study, 370. 

Psychotherapy, analytic, technique of, 
143 


Pygmies, Pithecanthropus and, 157 f. 


Rat, behavior, 659 f.; neurotic, 616-619. 

Rating scale, for boredom, 470; for 
satiation, 473. 

Ratio method, in color vision, 410, 421; 
in colorimetry, 431; complications in, 
402; Munsell colors and, 394-405; 
— results, 404; in spacing, 

01. 

Reaction, overt, 89. 

Reaction-pattern, dominance, 22. 

Reaction-time, 16; distraction and, 354. 

Reading, experimental study of reversal 
in, 533-561. 

Recognition, substance vs. verbatim, 372. 

Reflex, associated, 20; figure, 20; inte-. 
gration, 19. 

Relation, of opposition, children, 103- 
110. 

Relaxation, differential, 360; progres- 
sive, 154. 

Religion, psychology and, 310 ff., 486; 
worship, 330. 

Remembering, 192; thinking as, 163. 

Reminiscence, 606; spacing of material 
and, 608; verbatim and summary, 372. 

Response, exteroceptive, 25; propriocep- 
tive, 25; tonic, 24; tonic factors, 28; 
phasic factors, control of, 28. 

Retention, verbatim and summary, 372- 
375. 

Retroactive inhibition, 69. 

Rorschach test, 60. 

Rotation, age and effects of, 83-88; 
arm drift, 87; falling reaction, 87; 
head movements, 87; past-pointing, 
87; sex differences, 86. 
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Satiation, and benzedrine sulfate, 297- 
299; boredom and, 471-473; rating 
scale, 473; sleep in, 473; see Bore- 
dom. 

Saturation, wave-length and, 392. 

Schizophrenia, analysis, 480 ff. 

Science, bias of, 293; history of 18th 
century, 653 ff.; psychoanalysis and, 
457. 

Scoring, weighted-score method, 96. 

Self-object, 77. 

Sensation, common sensibility, 335; past, 
experience and, 257; memory taste, 
263; pain, 331-347; thresholds and 
cortex, 20; titillation, 332; touch 
qualities, 302; see Audition, Color 
vision, Pain, Temperature senses. 

Sense-distance, in color vision, 421; 
method of bisection, 389; method of 
equation, 389; method of fractiona- 
tion, 389; method of halving, 389. 

Set, in conditioned response, 92; defini- 
tion of, 16; motor, 16; predisposition, 
18; problem of, 16-30; sensory, 16; 
specified task, 18; and thinking, 182. 

Sex, crimes, 658 f.; differences, in color- 
naming, 380, in electro-encephalogram, 
521. 

Shamanism, 153. 

Shape, vector-field and, 31-45, 309. 

Siblings, grades of, 634 f. 

Sleep, boredom and, 469; criterion, 298; 
electro-encephalogram of, 518; for- 
getting and, 599, 601; how to, 664; 
and satiation, 473. 

Social, behavior, theories of, 211, vehi- 
cles of, 216; causes of crime, 315 f.; 
culture, 210-226, group work, 664; 
frustration and aggression, 480; 
J-curve, 295; sciences, 140 f. 

Society, the intelligent individual and, 
138 ff.; knowledge and, 157. 

Sociology, anthropology and, 655 f.; 


group work, 664. 

Somatic objects, 77. 

Somesthesis, 331; see Pain, Temperature 
senses. 

Specific nerve energies, doctrine of, 334 

Speech, anatomical features and, 216; as 
communication of attitudes, 214; 
benzedrine sulfate and, 57; develop- 
ment of, 154 f.; personality in, 494 f.; 
phonetics, 313 f.; psychology of, 145 
}.; society and, 219; stuttering, 500- 
501; sounds, 95-99. 

Statistics, dangers of, 461; education 


and psychology, 156 f.; Kelley tables, 
159 f.; normal p ility curve, 293- 
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296; simplified guide, 153 f.; see Psy- 
chophysics. 
Stepwise phenomenon, 125-127. 
Stimulus-substitution, 23. 
Subliminal perception, 562, 577. 
Synesthesis, persistent alphabetical, 361- 
366. 


Taste, memory, 263. 

Technology, history of 18th century, 
653-655. 

Telenomic description, 211. 

Temperature senses, adaptation, 463; re- 
ceptors, 462; ‘spot,’ 463; vascular 
theory, 462-465. 

Tension, muscular, 20; neuromuscular, 
19. 

Tests, musical talent, 638-640; person- 
ality, 320; reading, 329; thematic, 
455. 

Textbooks, child psychology, 149 f., 158, 
665, 666; educational psychology, 151 
f., 152, 155, 160, 325 f., 483 ff; 
elemental psychology, 148, 150, 152, 
156, 159, 314 f., 321, 495 f., 501 f., 
663; experimental psychology, 131 ff., 
156, 327 f., 330, 495 f., 499; philoso- 
phy, 497; psychotechnological, 317 f.; 
scholastic psychology, 314 f., 667; sta- 
tistics for psychology and education, 
153, 156, 159, 652. 

Thinking, definition of, 162; experi- 
mental study of, 161-185; govern- 
ment of, 181; problems of, 161; 
products of, 164; stages of, 171 ff. 

Thought, modes of, 492 f. 

Thresholds, sensory, the cortex and, 20. 

Titillation, sense of, 332. 

Touch, 331; form perception, 646 ff.; 
qualities, analyzed, 332 ff. 

“Truth,” 489 f. 


Unconscious, use of, 156. 

Unit in color tolerance, 421. 
Unpleasantness, pain and, 331. 
Urfarben, 117 f., 242 ff., 348 ff. 


Valence, negative, 468. 

Value, field-theory and, 224; social psy- 
chology and, 212. 

Vector-field, shape and, 31-45, 309. 

Visceral responses, culture and, 217. 

Vision, see Color, Color vision, Color 
tolerance, Discrimination. 

Visual field, stability of, 376. 


Warmth, see Temperature senses. 
Words, Thorndike’s list, 104. 
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